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SYSTEM AND METHOD FOR DETECTING EMITTERS SIGNALS HAVING 
MULTI- VALUED ILLUMINATION TIMES 

RELATED APPLICATIONS 
This application claims the benefit under 35 U.S.C. §1 19(e) to commonly-owned 
U.S. provisional patent application serial no. 60/427,103, entitled SYSTEM AND 
METHOD FOR SCAN TABLE ANALYSIS AND GENERATION, filed on November 
18, 2002 under attorney docket no. L00562.7003LUS, which is hereby incorporated by 
reference in its entirety. 

FIELD OF THE INVENTION 
The invention generally relates to signal detection, and more particularly, to 
detecting and analyzing signals generated by emitters. 

BACKGROUND OF THE INVENTION 
Detection systems exist for detecting signals generated by emitters which are of 
interest. For example, there are scanners (e.g., a police scanner) that are capable of 
scanning a frequency band for transmissions within that frequency band. In the case of a 
police scanner, channels are scanned sequentially to find a signal of interest. Scanning is 
achieved by tuning receiver hardware to a particular frequency to observe one or more 
transmissions within that particular frequency. 

There are more sophisticated systems to detect transmitted signals that use other 
methods for determining signals of interest. For instance, there are what are referred to as 
Electronic Support Measures/Electronic Intelligence (ESM/ELINT) systems for 
conducting surveillance (e.g., radar, and other signals across a wide range of frequency 
spectrums). These systems detect one or more signals produced by emitters (often called 
'threats") that are detected and observed. 

For example, in a military aircraft or other vehicle, enemy signals (e.g., radar) may 
be observed that are capable of detecting the vehicle (e.g., an airplane). These threats may 
need to be determined prior to detection to ensure the safety of the vehicle, and are often 
observed and classified to identify the particular threat. For example, certain signals may 
have particular signatures that are indicative of certain types of emitters. Further, there 
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may be a need to detect and identify the location of a threat (e.g., a radar installation) for 
targeting purposes. 

There is a problem in that there may be multiple threats but only a finite number of 
resources to detect them. More particularly, there may be hundreds of threats, but receiver 
5 capabilities do not allow all threats to be observed simultaneously at all frequencies. 
However, there is a need to scan the frequency spectrum in an efficient manner to detect 
all of the signals of interest. In some cases, there is a need to have assurance that a threat 
will be detected in time to respond to that threat. In the case of detection of a radar emitter 
by a vehicle, it may be also necessary to detect the threat before the threat is capable of 

10 detecting the vehicle. 

There is difficulty in balancing the need for detecting each of numerous possible 
threats because of the finite resources of the detection system. That is, hardware and/or 
software (e.g., memory, processing capability, etc.) of the detection system may be limited 
to monitor only certain portions of the frequency spectrum of interest or may be limited to 

15 detecting a limited number of threats. Practically, there are a number of threats that are 
concurrently transmitting that should be detected, but it is expensive from a hardware 
standpoint to monitor all frequencies of interest at all times to detect all threats 
simultaneously. For example, U.S. Patent Number 6,020,842 discloses one method for 
improving the probability of intercepting data transmitted in a number of different 

20 frequency bands. In summary, there is a continuing need for improved methods for 
detecting and analyzing emitter signals. 

SUMMARY OF THE INVENTION 
According to one aspect of the invention, a method for detecting an emitter signal 
25 that presents a plurality of illumination times to a detecting receiver is provided. The 

method comprises acts of: determining at least one first illumination time of the plurality 
of illumination times; determining at least one second illumination time of the plurality of 
illumination times; and iteratively searching for a detection revisit time that is used to 
detect the first and second illumination times while satisfying an acceptable probability of 
30 detecting the emitter signal. 

According to another aspect of the invention, a computer-readable medium is 
provided, the computer-readable medium having computer-readable signals stored thereon 



that define instructions that, as a result of being executed by a computer, instruct the 
computer to perform a method for detecting an emitter signal that presents a plurality of 
illumination times to a detecting receiver. The method comprises acts of: determining at 
least one first illumination time of the plurality of illumination times; determining at least 
one second illumination time of the plurality of illumination times; and iteratively 
searching for a detection revisit time that is used to detect the first and second illumination 
times while satisfying an acceptable probability of detecting the emitter signal. 

Further features and advantages of the present invention as well as the structure 
and operation of various embodiments of the present invention are described in detail 
below with reference to the accompanying drawings. In the drawings, like reference 
numerals indicate like or functionally similar elements. Additionally, the left-most one or 
two digits of a reference numeral identifies the drawing in which the reference numeral 
first appears. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The invention is pointed out with particularity in the appended claims. The above 
and further advantages of this invention may be better understood by referring to the 
following description when taken in conjunction with the accompanying drawings in 
which similar reference numbers indicate the same or similar elements. 

Figure 1 is a block diagram of a detection system according to one embodiment of 
the invention; 

Figure 2 is a block diagram of a detection system according to another embodiment 
of the invention; 

Figure 3 is a flow diagram of a process for determining scan strategy according to 
one embodiment of the invention; 

Figure 4 is a block diagram of an emitter database according to one embodiment of 
the invention; 

Figure 5 is a flow chart of a process for evaluating an antenna model according to 
one embodiment of the invention; 

Figure 6 is a flow chart of another process for evaluating an antenna model 
according to one embodiment of the invention; 
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Figure 7 is a chart showing an example emitter signal that can be received and 
detected according to one embodiment of the invention; 

Figures 8A-8B are charts showing how signals are measured without and with 
pulse grouping logic, respectively; 
5 Figure 9 is an example showing how emitters having different sets of range 

controls may be satisfied by selecting dwells according to one embodiment of the 
invention; 

Figures 10A-10B are charts showing time in beam (TIB) extraction for different 
sensitivity levels according to one embodiment of the invention; 
10 Figure 1 1 is a diagram illustrating the placement of dwells in relation to the pulse 

repetition intervals of emitters, according to one embodiment of the invention; 

Figure 12 is a diagram illustrating two possible dwell placement solutions for 
detecting an emitter, according to one embodiment of the invention; 

Figure 13 is a table showing an example of a portion of an information matrix, 
15 according to one embodiment of the invention; 

Figures 14A and 14B are diagrams showing possible dwell placement solutions for 
the information matrix of Figure 13, according to one embodiment of the invention; 

Figure 15 is a flow chart illustrating an example of a method for creating a scan 
strategy, according to one embodiment of the invention; 
20 Figure 16 is a flow chart illustrating an example of a method for creating a scan 

strategy, according to one embodiment of the invention; 

Figure 17 is a diagram illustrating two possible scan strategies generated by using 
different initial limit values, according to one embodiment of the invention. 

Figure 1 8 is a flow chart illustrating an example of a method for creating a scan 
25 strategy, according to one embodiment of the invention; 

Figure 19 is a table showing emitter timing data, according to one embodiment of 
the invention; 

Figure 20 is a table showing emitter timing data and dwell cost, according to one 
embodiment of the invention; 
30 Figure 21 is a diagram showing the timing of execution of dwells, according to one 

embodiment of the invention; 



Figure 22 is a flow chart illustrating a method of selecting a non-maximum dwell 
duration, according to one embodiment of the invention; 
Figure 23 is a flow chart illustrating a method of 

Figures 24A-24F are examples Solution and Data matrices, according to one 
embodiment of the invention; 

Figure 25 is a diagram illustrating dwell coverage of emitters after rounding down 
dwell minimum frequencies, according to one embodiment of the invention; 

Figure 26 is a diagram illustrating dwell coverage of emitters after rounding down 
dwell minimum frequencies, according to one embodiment of the invention; 

Figure 27 is a flow chart illustrating a method of compensating for tuning step 
coverage gaps, according to one embodiment of the invention; 

Figure 28 is a flow chart illustrating a method for verifying and allocating receiver 
system resources, according to one embodiment of the invention; 

Figure 29 is a flow chart illustrating a method for verifying and allocating receiver 
system resources, according to one embodiment of the invention; 

Figure 30 is a diagram showing an emitter's frequency range broken up into 
discrete pieces, according to one embodiment of the invention; 

Figure 31 is a diagram showing simulated detection of an emitter's scan pattern 
according to one embodiment of the invention; and 

Figure 32 is a diagram showing illumination periods of an emitter's scan pattern, 
minus integration time, according to one embodiment of the invention. 

DETAILED DESCRIPTION 

According to one aspect of the present invention, an improved method is provided 
for detecting signals generated by one or more emitters. Figure 1 shows an embodiment in 
which various aspects of the invention may be employed. In particular, a method for 
determining a scan strategy may be employed in conjunction with a detection system 101 
that detects one or more signals 105 A, 105B transmitted by one or more emitters 104A, 
104B. As discussed above, these emitters 104A, 104B may be transmitted by one or more 
threats 106A, 106B, respectively. 

Detection system 101 may include one or more sensors 102 and one or more 
processing systems 103 that receive and process signals 105 A, 105B received by sensor 
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102. These signals 105 A, 105B may be, for example, electromagnetic signals transmitted 
in any one of a number of frequencies, including radar, communication, and other types of 
signals. In one embodiment, the receiver or receivers may be capable of detecting one or 
several instantaneous frequency (IF) bandwidth and video bandwidth (VBW) 
5 combinations with varying sensitivity. Further, the detection system may employ 
alternate, single or multiple methods of signal detection. 

Signals received from sensor 102 are passed to receive processor 103. In one 
aspect of the present invention, receiver processor 103 receives and processes multiple 
signals from one or more sensors 102 and implements a scan strategy. In particular, 

10 processor 103 may be capable of detecting one or more threats 106A-B by observing 

frequency bands defined by the scan strategy. This scan strategy may be provided by one 
or more systems 108A-108B, for example. 

As discussed above, detection system 101 may be implemented in various ways. 
For example, a scan strategy may be computed offline by system 108B. The scan strategy 

15 may then be transferred to detection system 101, which is mounted in a vehicle. Detection 
system 101 may then implement the scan strategy computed by system 108B. Vehicle 107 
may be, for example, an aircraft that flies a particular mission. Although system 101 may 
be installed on or used in conjunction with a vehicle 107, it should be appreciated that the 
invention is not limited to being used with a vehicle. For example, system 101 may be 

20 used as a standalone system, or may be a stationary or mobile unit. 

System 101 may be implemented in hardware, software, or a combination thereof. 
In one embodiment of the invention, various components of system 101 may be 
implemented in a software program executing in a general purpose computer system (e.g., 
a personal computer (PC)). It should be appreciated that the present invention is not 

25 limited to any particular combination of hardware or software, but rather, the system may 
be implemented with any number and combination of hardware and/or software systems. 

System 108A-108B may determine an optimum strategy for scanning the multiple 
signals according to various embodiments of the invention. In one embodiment of the 
invention, processing systems 108A-108B provide an evaluation of the strategy to 

30 determine whether each signal of interest is detected within defined constraints. 

A determination of scan information (e.g., a scan database in the form of a scan 
table) that describes an optimum scan strategy may be performed by system 108 A (e.g., 
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system 108 A may form part of detection system 101) or by a system 108B external to 
detection system 101 (e.g., a computer system configured to determine scan table 
information for detection system 101). Any system, either part of or separate from 
detection system [[201]] 101 may be used to determine a scan strategy. According to one 
5 aspect of the present invention, a software program that executes on a PC may accept a 
number of parameters describing emitters of interest, system configuration information 
and in, one embodiment, actual emitter data to determine an optimum scan table for the 
detection system 101 . The software program may be capable of producing scan 
information in a format that can be used to execute the determined scan strategy by 
10 detection system 101. For a detection system 101 implemented in a vehicle 107 (e.g. an 
aircraft), the software program may be operated prior to a mission to determine an 
optimum scan table, and the scan table may be input to the detection system 101 for use 
during a mission. 

Figure 2 shows a system 201 for determining a scan strategy according to one 

15 embodiment of the invention. System 201 is similar in function to systems 108A-108B 
described above and is configured to determine a scan strategy for one or more detection 
systems (e.g., detection system 215). System 215, similar in function to systems described 
above, is configured to receive one or more signals 208 to be detected and identified. 
These signals may be received by one or more r e ceivers/sensors receiver/processor 206, 

20 outputs of which are processed by a processor 204. Processor 204 analyses and identifies 
these signals based on the scan strategy and other information provided by system 201 and 
information identified in the received signals. 

As discussed above, these signals may be transmitted by one or more threats, and 
system 201 may be used in conjunction with a detection system (e.g., system 215) to 

25 identify these threats to a user. That is, system 101 may be operated to provide a scan 
strategy to detection system 215. 

Further, system 201 may have an associated interface 203 to receive input from 
and display information to user 202. Interface 203 may be, for example, a graphical user 
interface of a computer system. User 202 may also provide input to system 201 to 

30 configure system 201, input define constraints, provide information regarding emitters, or 
provide any other type of input. According to one embodiment of the invention, a number 
of emitters are defined to the detection system 201 by user 202, and based on these 
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emitters, a scan strategy 21 1 may be determined for one or more of these emitters. As 
discussed above, a system for determining scan strategy may be incorporated in a 
detection system, or may be implemented separately, and it should be appreciated that the 
invention is not limited to any particular implementation. 
5 System 201 may include an associated storage 205 for storing one or more emitters 

210 that includes one or more emitter entries, a scan strategy 211, any constraints 212, and 
rules 216 for processing emitters. Although Figure 2 shows storage 205 that is part of 
system 201, it should be appreciated that storage 205 may be separate from system 201. 
Further, it should be understood that any portion of the data used by system 201 may be 

10 stored in any location, either on system 201 or elsewhere. 

In one embodiment, an emitter entry includes a number of parameters that describe 
a particular emitter (e.g., frequency range, antenna type, scanning method used, etc.) 
Constraints 212 may include, for example, constraints of system 201 which may include, 
for example, processor 204 capability, memory limitations, or any other limitations of 

15 hardware and/or software of system 201 that may effect its performance in detecting and 
identifying signals 208. Constraints 212 may also include those limitations posed by a 
user (e.g., limitation to a particular frequency band of interest, removal of a particular 
emitter type, or other user limitation). Scan strategy 21 1 may include a number of entries 
that define one or more "dwells" used to scan one or more of the emitters defined in 

20 emitter database 210. A dwell generally defines scan resource solution(s) (e.g., frequency 
range to be scanned, sensitivity, scan period, revisit time, etc.) that meet one or more 
emitter requirements. A dwell may be used to configure a receiver that detects the one or 
more emitters that the dwell is designed to detect. 

Optionally, system 201 may be adapted to determine a scan strategy taking into 

25 account the operation of one or more jammers 207 that actively provide signals 209 to a 
jammer transmitter 214 that "jams" one or more emitters. That is, system 215 may be 
capable of producing a signal that interferes with detection by a threat. According to one 
aspect of the invention, it is realized that a jammer may have an effect on detection of one 
or more signals by system 215, and therefore it may be beneficial to consider activity of a 

30 jammer in determining a scan strategy by system 201 . 



-9- 

Determining Scan Strategy 

According to one aspect of the present invention, a receiver scan strategy may be 
generated that provides optimal or near optimal intercept performance against an arbitrary 
selected set of emitter parameters. It is realized that a scan strategy that can enable 
5 efficiently scanning of a set of emitters and meet the intercept requirements of each 

emitter in the set. Also, based on one or more emitters of the set, a scan strategy may be 
determined that minimizes the number of tuning dwells used to detect the emitter(s). In 
another aspect of the present invention, the scan strategy minimizes the number of receiver 
resources necessary to detect one or more emitters of interest. 

10 Figure 3 shows a process 300 for determining a scan strategy. At block 301, 

process 300 begins. At block 302, a solution is determined for one or more emitters of 
interest. As discussed above, parameters associated with each emitter of interest may be 
input to system 201 . System 201 may be capable of allowing a user to select emitters for 
which a scan strategy is to be determined. Optionally, constraints may be defined to 

15 system 201 . A mathematical model may be constructed using emitter parameters and 
constraints, if any, that can be used to determine tuning dwells and their associated 
parameters. More particularly, at block 303, a scan strategy may be determined, for 
example, by determining dwells that meet the emitter requirements, selecting an optimum 
dwell set (e.g., based on cost of executing the dwell set). For instance, dwells may be 

20 defined that meet the requirements of a set of emitters, and dwells may be compared based 
on a cost of implementation, and dwells may be selected as part of a solution set of dwells 
based on their cost of implementation. According to one embodiment of the invention, a 
database of emitter parameters is used to determine a set of receiver tuning dwells that are 
minimal or near minimal in number and minimal or near minimal in usage of receiver 

25 resources, as allocated in time, the set of dwells, when executed, allows the receiver to 
satisfy its intercept requirements. Optionally, the determined scan strategy may be 
evaluated to measure its performance at block 304. At block 305, process 300 ends. 

In one embodiment, a database of emitter parameters is created that includes 
intercept requirements for each emitter. In another embodiment, the database may include 

30 alternative and/or multiple intercept requirements per emitter. Emitters in the database or 
a subset thereof are selected, and dwell parameters are determined for these selected 
emitters. According to one embodiment, the dwell solution may be constrained by one or 
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more solution constraints, if any. In another embodiment, inputs are accepted that 
constrain the solution based on environmental knowledge of the operating theater or 
region. According to one aspect of the invention, each of the emitter model, its dwell 
solution(s), constraints, and other related information may be stored in an entity referred to 
5 as an emitter database. 

Figure 4 shows an emitter database 401 according to one embodiment of the 
invention. More particularly, emitter database 401 includes one or more emitter entries 
403, each of which corresponds to an emitter to be detected by the detection system (e.g., 
system 215). Associated with each emitter entry are a number of emitter parameters 402 

10 which describe characteristics of each emitter. Emitter parameters 402 may also include 
one or more solutions for each emitter (e.g., dwell solutions that satisfy the emitter 
requirements). The emitter database 401 can take the form of an N by M matrix (referred 
to hereinafter as an "information matrix") that models emitters (N) and their potential 
solutions (M) in which the minimal solution set is contained. As discussed above, 

15 constraints may also apply to this N x M information matrix. 

Based on the emitter and constraint (if necessary) inputs, dwell parameters may be 
computed for each selected emitter database entry (N inputs). This computation may be 
performed for every possible receiver tuning configuration (e.g., IF/VB W combination), 
yielding several potential solutions per emitter database entry (M). 

20 As discussed above, modeling may be used to determine a scan strategy. In 

particular, a model of the receiver may be employed to establish receiver characteristics 
with respect to valid tuning configurations. An environment model may also be included 
to model electromagnetic propagation between each emitter and the receiver. For 
example, system 201 may model 2-dimensional and 3-dimensional emitter transmitted 

25 scan patterns. These models and their characteristics are then used to determine hardware 
settings of a receiver processor for detecting these emitters within particular constraints as 
discussed further below. 

Determining an Optimal Dwell Solution 

30 As discussed above, the emitter database 401 may include one or more dwell 

solutions for each emitter. These dwell solutions may include one or more parameters that 
specify tuning configurations to detect the emitter signal. According to one embodiment 



-11- 

of the invention, emitter database 401 (e.g., an information matrix) may include, for 
example, one or more tuning parameters of the dwell including parameters referred to 
herein as dwell duration and revisit time. Dwell duration is the amount of time spent 
observing a particular frequency (e.g., a portion of the electromagnetic frequency 
5 spectrum), and the revisit time of a particular dwell frequency is the time between 
observations of that frequency. Revisit time may be solved for single and multiple 
illumination time cases, as appropriate. 

A ratio of dwell duration and revisit time may be used to approximate the receiver 
"cost" of executing the dwell. Given an N by M information matrix, a search may be 

10 performed for an optimum solution that minimizes the cost of the dwells, and the solution 
may be constrained as necessary. According to one embodiment of the invention, the 
optimum solution may be defined as any set of scan strategy dwells that reduces both the 
dwell count and receiver usage, the receiver usage being defined as the sum of individual 
dwell durations divided by individual dwell revisit times. 

15 Because a search for the optimal solution using this model is an NP-Complete 

problem that cannot be solved mathematically, several methods may be used to guide, 
limit and prune the search to avoid searching exhaustively. These methods include but are 
not limited to receiver segmentation (multiple receivers), frequency segmentation, field of 
view segmentation, pre-filtering and post-filtering techniques to set and reset potential 

20 solution paths, and partial path evaluation to identify and avoid false solutions. It should 
be appreciated that any method may be used to determine an optimal solution, and the 
invention is not limited to any particular solution determining method. 

According to one embodiment of the invention, the receiver model may be used to 
take advantage of timing relationships between dwells to minimize the cost function and 

25 remove potential scan redundancy. Once an optimum solution is found, it is still possible 
that the solution cannot be realized, given hardware and/or software constraints of the 
receiving system. This condition may be detected and a realizable solution may be 
determined, for example, by fully consuming the constrained capacity, then completing 
the solution search with the consumed capacity excluded from potential solution set. A 

30 solution search may be performed iteratively on each capacity modeled, until a viable 
solution is found, or the conclusion is drawn that no viable solution exists (e.g., the 



-12- 

receiving system lacks the hardware or software resources to solve the desired intercept 
problem requirements). 

Receiver dwells may be outputted by system 201 along with data indicating 
estimated real-world performance. This information may be output, for example, to a user 
5 for evaluation purposes. Scan strategy (e.g., a set of receiver dwells) may be output by 
system 201 to a receiver system capable of performing the scan strategy. Alternatively, 
system 201 may be part of the receiver system, and there fore may be part of a system that 
executes the scan strategy. The set of dwells used by the receiver system may be output in 
a form usable by the receiver system. 

10 In another embodiment of the invention, it is recognized that ELINT and ESM 

receiver systems are designed to intercept non-cooperative signals of interest. Because the 
signals are non-cooperative, the receiver system analyzes all detected signals present in the 
environment to discriminate signals of interest from environmental noise and incidental 
background signals. Because the detection environment complicates detection of emitters 

1 5 of interest, computational and throughput burdens are imposed on the receiver system and 
these burdens can slow signal intercept performance. Thus, it may be beneficial to reduce 
the effects of the processing burden and improve receiver intercept performance in the 
presence of significant environmental background energy. 

ELINT and ESM receivers employ a scan strategy to scan the frequency spectrum 

20 for signals of interest. This scan strategy comprises a set of dwells, which define for how 
long energy is sampled in a portion of the frequency spectrum, and how often that portion 
of the frequency spectrum should be sampled. These are referred to as Dwell Duration 
(DD) and dwell Revisit Time (RVT) respectively. Dwell Duration may be further 
subdivided into two time intervals, Minimum Dwell Duration (MDT) and Extended Dwell 

25 Duration (EDT). A value of MDT defines the shortest time period spent for a given dwell, 
while a value of EDT defines the maximum amount of time spent for the given dwell. The 
actual time spent (Dwell Duration) ranges between these two limits, based on the signal 
density in the sampled portion of the spectrum. 

Described below are various aspects of the invention which relate to the detection 

30 of emitter signals and/or determination of a scan strategy. Each aspect, although described 
below in terms of one or more examples, is independent and therefore each independent is 
not limited to the examples, or to any other aspects described herein. 
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Discontinuity Correction 

As discussed above, emitters may be modeled using parameters that describe the 
transmission characteristics of the emitter signal. These characteristics are commonly 
5 referred to in the art as an antenna model. These characteristics may include, for 
example, beamwidth, frequency range, gain (e.g., in main beam and side lobes), etc. 

Often, there may be errors in the models that may affect how the emitters are 
processed and detected. When revisit times are computed for each receiver detecting 
method (e.g., HW bandwidths) for an emitter in an information matrix of emitters, they 
10 may not be monotonically increasing/decreasing as expected due to discontinuities in the 
emitter antenna model. According to one embodiment, these discontinuities are identified 
and errors are flagged if the correction would be large enough to imply an error in the 
model. These errors may be created, for example, during emitter input (e.g., a data entry 
error) may be due to a data integrity error, or other reason. In conventional detection 
15 systems, such errors are not detected and if unrecognized, would lead to an inefficient or 
erroneous dwell strategy. 

More specifically, it is assumed that the antenna structure of an emitter will have a 
main beam which is several degrees (or fractions of a degree) wide, and a sidelobe 
structure situated on either side of the main beam. These side lobes will have lower 
20 magnitude moving away from the main beam, and this magnitude drops sharply as the 
distance from the main beam becomes greater. 

If a system used to detect such an emitter sees an atypical lobing structure, the 
emitter may be ignored as the antenna model is incorrect (and therefore the emitter should 
not be used to determine the dwell solution). For instance, using the antenna model 
25 described above, it is expected that as the sensitivity of the receiver is adjusted to detect 
more of the model (e.g., sidelobes), the revisit time for detecting should also increase. If 
the revisit time decreases as sensitivity increases, an error may exist in the antenna model. 

Figure 5 shows a process 500 for evaluating an antenna model according to one 
embodiment of the invention. This process may be performed, for example, by a detection 
30 system (e.g., system 201). At block 501, process 500 begins. As part of determining 

dwell duration, dwell revisit time (RVT) is computed for each detecting method (e.g., IF 
and video bandwidth combinations) of the receiver. At block 502, a sub-matrix may be 
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created for each emitter/emitter mode processed, each row representing the results for each 
emitter/mode, and each column representing one of the detecting methods. At block 503, 
the columns are ordered by increasing sensitivity of the detecting method. Because the 
columns are in increasing sensitivity order, physics dictates that the computed revisit time 
5 (RVT) across the columns should be equal or monotonically increasing. Therefore, 
according to one embodiment of the invention, a method is provided that determines 
whether revisit time decreases as sensitivity increases, and if so, an error is identified. 

According to one embodiment, an algorithm is provided that analyzes the emitter 
matrix for errors in an antenna model. In one example shown in Figure 5, the detection 

1 0 system loops through each row of the sub-matrix and compares the non-zero value of 
RVT to N+l value, to identify a decreasing delta (in one embodiment, a value of zero is 
used to indicate that no RVT computation was performed for the corresponding detection 
method). In particular, the detection system evaluates for each N 111 non-zero value of 
RVT, the difference between the values of RVT N and RVT N +, at block 504. At block 505 

15 it is determined whether the value of RVT is increasing, and if so, the N+l column is 
determined to be valid, and N is incremented at block 507. If the value of RVT is 
decreasing the N+l column is marked as invalid, and the N 1 * 1 column is compared with the 
N^+2 column to determine whether RVT is increasing. If no discrepancies are found, then 
the column of the sub-matrix is valid. 

20 Optionally, if the deltas are small enough, the column values are put in ascending 

RVT order, under the assumption that the error is due to a minor modeling discontinuity. 
An error may be considered "large enough," for example, depending on how good the 
antenna model is (e.g., whether the antenna model is accurate in its description of the 
lobing structure) and how closely the detection system should adhere to this model. For 

25 example, if the antenna model is determined empirically from data, and data points are 

interpolated, a less-stringent error may be needed to account for minor errors in the model. 
However, if the model is based on range testing or some other more accurate method, then 
the allowable error may be less. According to one embodiment, this error is configurable 
by an operator according to the antenna model used. For instance, the model could be 

30 considered valid if error is not greater than 30%. However, it should be appreciated that 
the error value could be adjusted to any acceptable value to identify model errors without 
triggering false indications, and that the invention is not limited to any particular value. 
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If the detected error is large, no correction is made and the error is left for 
downstream validation to detect and flag to the operator (e.g., via interface 203). In one 
embodiment of the invention, the algorithm may be performed as part of process 300 for 
determining a scan strategy as discussed above. In particular, the algorithm may be 
5 performed as part of, for example, block 302 wherein emitter data is input, and is checked 
for discontinuities prior to determining a dwell strategy. 

Figure 6 shows another process 600 for evaluating an antenna model according to 
one embodiment of the invention. At block 601, process 600 begins. According to this 
embodiment, the evaluation is segmented by columns at block 602, allowing comparisons 

10 across groups of related columns, and therefore the detection system can perform 

comparisons between groups of related detecting methods. For each group, the detection 
system evaluates the entries within the group at block 603. This evaluation for a subgroup 
may be similar to the evaluation performed on an entire group as discussed above with 
reference to Figure 5. In one embodiment of the invention, seven columns are checked in 

15 two passes, one pass testing the monotonic relationship across the first four columns 
representing a first group, and the other pass testing across the last three columns 
representing a second group. According to one embodiment, detecting methods within a 
group may be reordered within that group. Discontinuities among the groups can also be 
identified (e.g., at block 604). In one embodiment of the invention, if there is a 

20 discontinuity between groups, it is left uncorrected to be flagged by downstream validation 
logic for the operator's resolution or resolution by another process. For instance, at block 
606, the emitter model may be flagged as being suspect for resolution by the operator or 
another process. At block 607, process 600 ends. 

According to one embodiment of the invention, evaluation of error may be 

25 performed within video bandwidth (VBW) groups. More particularly, groups may be 

placed, for example, in ascending order, and errors determined by comparing consecutive 
entries. As discussed above, entries having a decreasing value within the ascending order 
may be ignored, while errors due to minor sensitivity deltas may be corrected. Errors 
between IF bandwidths may also be detected, however, the error may be coarser, and 

30 therefore the error tolerance greater between entries. 

In this manner, the accuracy of the emitter database is increased, and as a result, 
the scan strategy based on the more accurate database is more accurate. More particularly, 
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errors in the emitter database are eliminated and removed prior to determining the scan 
strategy, and therefore the scan strategy is more accurate. 

Multi-valued Illumination Time Revisit Time Calculation 

5 As discussed above, an emitter may, for example, present more than one 

illumination time to a detecting receiver. For example, a multifunction radar that both 
sweeps azimuth and changes its elevation angle presents multiple illuminations to be 
detected. In this example, each pass of the radar provides a different power level beam 
width to the receiver that should be detected. 

10 According to one aspect of the present invention, a method is provided for 

computing the revisit time for an emitter that presents more than one unique value of 
illumination time to the detecting receiver. In one embodiment, each of the multivalued 
illuminations are represented as a single emitter, and a revisit time is calculated that meets 
requirements for detecting any of the illuminations. 

15 The revisit time equation is a closed- form equation when illumination time is 

single valued, but needs to be solved iteratively when it is not. An inefficient 
approximation is to take the average of the illumination time values and use the closed 
form equation. Conventional systems generally use the average value and it is realized 
that this average value is not, in general, the most efficient solution. According to one 

20 aspect of the invention, a detection system uses a more weighted method for determining 
revisit time for multivalued illuminations, in one embodiment, an open-form equation is 
used to determine a corresponding revisit time for multivalued illuminations. Therefore, 
one aspect of the invention involves solving the open-form equation in an iterative manner 
within a tolerance (e.g., an acceptable probability of detecting each illumination). In one 

25 embodiment, an initial RVT is determined based on an average value of the time in beam 
(TIB) of all of the illuminations of interest. The average value of RVT may be, in most 
instances, a good "first guess" at an RVT value which can be improved upon iteratively. 
For instance, in one embodiment, the initial RVT may be estimated (e.g., by taking the 
average value) and then adjusted to meet a desired probability of detection. 

30 In one embodiment of the invention, dwell revisit time (RVT) is determined for 

each detecting method (e.g., IF and video bandwidth combinations) of the receiver. This 
computation involves evaluating the following equation: 
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IB { ] Ln{\-Pd)\ 



RVT = TIL i 

Equation 1 



Where N is the number of detection opportunities (e.g., allowable radar "paints"), 
5 Pd is the desired probability of detection and TIB is the expected duration of each "paint" 
or illumination. TIB is only a single value for 2D scans under static conditions. For 3D 
scans, there may be several values of TIB per "paint" (N), and under dynamic scenarios, 
2D TIB increases/decreases on subsequent paints based on decreasing/increasing range, 
respectively. 

10 The following example process determines RVT with several TIB values per paint 

N and varying TIB values per paint N. This process includes an assessment of the partial 
contribution of each TIB in satisfying the overall probability of detect, and 
incrementing/decrementing the trial RVT value until the sums satisfy the desired 
probability of detection, within a tolerance. 

15 

Given: 

• TIBS: A vector of illumination times for the observation period 

• Pd: Desired probability of detection 

• STEP: Minimum RVT increment 

20 • RVT max : Maximum permissible RVT value 

The following process may be used to determine RVT: 
1 . Initialize the constants NI and PPT. 

25 NI := integer number of "paints" in the observation period 

PPT:= number of elements in TIBS 

These represent the total number of passes the radar makes across the search 
volume, and the total number of paints within that are observable within the search volume 
30 across the observation period, respectively. If the TIBS data represents 3D scan 
information, these constants are adjusted as follows: 
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PPT:= PPT-f-NI (paints per volume search) 
NI:= 1 

Using Equation 1 above, compute the initial RVT by setting N to NI and TIB to the 
average value of TIBS. If the resulting RVT is larger than the largest value in TIBS 
(and therefore the average value of TIBS may not be the best "first guess"), re- 
compute RVT with TIB set to the max value of TIBS and N=l . 

RVT is now that initial solution. Determine the search direction: 



Set SIGN to +1 or -1, depending on if it is positive or negative. 

Determine if RVT value is close enough, exiting if the predicted Pd delta is within 
tolerance: 




TIBS, 



M 



PPT 



NI 



Z 



RVT 



Tolerance > Pd - e 



Increment/decrement trial RVT: 



RVT = RVT + SIGNxSTEP 



Exit if RVT increments/decrements out of the range 0< RVT<RVT max , limiting RVT 
to the crossed bound. 

If the loop counter exceeds RVT max ^STEP, exit logging an error. 
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6. Test trial RVT: 



PPT NT 
SIGN T = ln(l - Pd)- 1 



™S M 



Set SIGNt to +1 or -1, depending on if it is positive or negative 



7. If SIGN equals SIGNj, repeat steps 5 and 6. Exit if SIGN T is positive. If SIGNt is 
negative, decrement RVT by STEP and exit. 

By using the above process, an RVT is determined that takes into account more 
than one unique value of illumination time, and is more efficient than computing an 
average value using all of the illuminations of interest. Because the computed RVT 
satisfies a predetermined tolerance, the probability of detection for each of the 
illuminations is satisfied. 



Multiple Intercept Rule Evaluation 

As discussed above, there are conventional detection systems that scan a range of 
frequencies linearly and therefore these systems do not establish scan strategies. 
However, in a system that computes a scan strategy having multiple solutions for 
establishing dwells, multiple scan strategies may be determined having multiple 
configuration possibilities for one or more receiver(s). That is, there may be more than 
one scan solution for a given set of emitters, and there may be more than one hardware 
configuration that meets each scan solution's requirements. According to one aspect of 
the invention, a method is provided for solving the combinational problem for configuring 
receiver hardware where more than one possible scan solution exists. 

Problems also exist in determining a solution for detecting multiple emitters 
involving satisfying the scanning requirements for each emitter and determining an overall 
solution. In particular, the detection system establishes, for each emitter, at what time and 
what range the signal produced by the emitter should be intercepted. Also, the system 
must determine how fast to sample the incoming signal to achieve an acceptable intercept 
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time. Because the solution for multiple emitters is a complex problem, a system that has 
flexibility in prioritizing and handling the detection of multiple emitters is preferable. 

According to one aspect of the invention, a rule-based system is provided for 
determining how emitters should be detected by a detection system (e.g., detection system 
201). According to one embodiment of the invention, rules are associated with particular 
emitters which determine how signals generated by corresponding emitters are detected by 
the detection system. For instance, rules may be used to prioritize certain emitters with 
respect to other emitters and, based on these rules, an operator of the system may 
determine a solution to the scanning problem. 

In one embodiment, there may be parameters that may be associated with an 
emitter of interest that affects if and/or how the emitter is detected. These parameters 
define generally how each rule operates. In one embodiment of the invention, an intercept 
rule may be defined per emitter mode, the rule determining, for example, at what 
minimum range the emitter needs to be detected, the allowed probability of intercept of the 
emitter, the amount of time allowed to observe an emitter prior to detection, etc. 
According to another embodiment, this may be expanded to allow several rules per emitter 
mode, and to allow for automatic selection of the most appropriate rule given a resolution 
criterion (e.g., most stringent rule, least stringent rule, ignore particular rules, etc.). 

As discussed above, Figure 3 shows a flow chart for determining a scan solution 
for emitters of interest. The first step of this process database determine an emitter of the 
emitters of interest for which a solution is determined. For each emitter and emitter mode, 
a single set of detection rules may be defined (e.g., by a user or operator). One or more 
detection rules may be stored in the emitter database (e.g., in an information matrix) and 
one or more rules may be associated with an emitter entry. 

According to one embodiment of the invention, a detection rule may be created 
that includes one or more of the following parameters: 

• Probability of Intercept (Pd). This defines the probability or confidence that the 
signal will be detected within the desired time period, expressed in a number of scan 
periods ("paints") or clock time. 

• Turn-on Range. Maximum range from the receiver at which the signal becomes 
interesting to the receiver. 
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• Detect-by Range. Minimum range by which detection is required to have occurred at 
least once. 

• Tolerance. Enumerated type to select observation time as time-of-flight between turn- 
on and detect-by ranges; number of scan periods; time; or the larger of time/scan 
periods. 

• Tolerance Direction. Indicates whether a tolerance is applied prior to or following 
the detect-by range. 

• Scan Periods. Indicates the number of emitter "paints" or illuminations that are 
allowed for observation prior to detection. 

• Time. Indicates the amount of time allowed for observation prior to detection. 

• Cumulative Pd flag. Enables Cumulative Pd logic. This logic basically accounts for 
any signal amplitude change as range changes from turn-on to detect-by ±tolerance. 
Amplitude may be considered constant as computed at turn-on range when the flag is 
false. 

These parameters may be used to establish the geometry between the receiver and 
the emitter, and ultimately compute the required revisit time for each detection method of 
the receiver. Multiple sets of detection rules may be used, because an operator may have 
different scenarios in mind. For example, six sets of rules may be supported. The limit of 
the number of allowed rule sets may be set by human factors. The operator does not have 
to populate all six sets, but may choose to populate sets one through six, in any order. To 
support the multiple rules, two additional parameters may be added to the database per 
emitter, emitter mode definition: 

• Chosen Rule. This parameter allows the operator to pick a particular detection rule 
set, and allows a detection system (e.g., system 201) to resolve a solution across the 
detection rules. Therefore, an operator has the flexibility to choose certain rules to be 
used for a particular emitter. 

• Cross Rule Relation. This parameter allows the operator to guide the detection 
system to the appropriate rule: 

o Do not scan for the emitter mode at all (overrides all detection rules). 

o Assign a minimum cost, default revisit time (overrides all detection rules). 
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o Evaluate all populated rules, and select the most difficult across the detection 
methods. 

o Evaluate all populated rules, and select the least difficult across the detection 
methods. 

Given a set of data (the set referred to hereinafter as "DATA") specified by a 
matrix of emitter parameters (e.g., the information matrix) including multiple intercept 
rules, one example method for evaluating the detection rule sets may be performed as 
follows: 

1 . Loop on each row (emitter) in set DATA. 

2. If the value of the Cross Rule Relation parameter indicates "Do Not Scan", skip 
processing of this emitter. 

3. If the value of the Cross Rule Relation parameter indicates "Default", then assign 
default parameters. 

4. If the value of the Chosen Rule parameter indicates a specific detection rule set, 
process the selected rule set for the emitter. 

5. Otherwise, there are multiple detection rule sets to evaluate the row: 

a. For each populated detection rule set, replicate the emitter row and process the 
rule set for the new row. 

b. For each replicated row, assign a common identifier (e.g., a tracking index) to 
identify the replicated data set. 

c. Compute the information matrix for DATA, including the replicated rows. This 
will result in the computation of Revisit Time (RVT) for each receiver detection 
method for each row (original and replicated). 



-23- 

Using the common identifier (e.g., the tracking index), identify the unique sets of 
RVT data that resulted from the multiple rule sets. This data can be visualized as 
a matrix of RVT values, where each column represents a detecting method, and 
each row represents the emitter evaluated for each rule. The data may be 
consolidated into a single set of RVTs based on the Cross Rule Relation selection 
(Most or Least Difficult) using the following procedure: 

i . If "Least Difficult" selected, then 

1 . Ignore rows with all zero values (i.e., no detection using such rules 
possible). 

2. If there are rows with all non-zero values, select these. Otherwise use 
all remaining rows. 

3. Loop through the columns in increasing sensitivity order. 

a. Identify the row with a unique maximum RVT value. If found, this 
is the row with the easiest solution. 

b. If all columns are checked and the no unique maximum is found, 
select the first row found on the last "pass" as the least difficult 
solution. 

ii. If "Most Difficult" selected, then 

1 . Ignore rows with all zero values (i.e., no detection using such rules 
possible). 

2. If there are rows with all non-zero values, select these. Otherwise use 
all remaining rows. 

3. Loop through the columns in increasing sensitivity order. 

a. Identify the row with a unique non-zero minimum RVT value. If 
found, this is the row with the most difficult solution. 

b. If all columns are checked and the no unique minimum is found, 
select the first row found on the last "pass" as the most difficult 
solution. 
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SYSTEM AND METHOD FOR DETECTING EMITTER SIGNALS 

RELATED APPLICATI ONS 

This application claims th e b e n e fit und e r 35 U.S.C. §1 19( e ) to commonly own e d 

5 U.S. provisional pat e nt application s e rial no. 60/ 4 27,103, e ntitl e d SYSTEM AND 

METHOD FOR SCAN TABLE ANALYSIS AND GENERATION, filed on November 
18, 2002 under attorn e y docket no. L00562.7003 l.US, which is h e reby incorporated by 
r e f e r e nc e in its e ntir e ty. 

10 FIELD OF THE INVENT ION 

Th e inv e ntion generally r e lat e s to signal d e t e ction, and mor e particularly, to 

detecting and analyzing signals generated by e mitters. 

BACKGROUND OF THE INVEN TION 

15 Detection systems exist for d e t e cting signals g e n e rated by emitter s which ar e of 

interest . For example, ther e are scanners ( e .g., a polic e scann e r) that ar e capable of 
scanning a frequ e ncy band for transmissions within that fr e qu e n cy band. In the cas e of a 
police scanner, chann e ls are scanned sequentially to find a signal of interest. Scanning is 
achiev e d by tuning rec e iver hardwar e to a particular frequency to obs e rve on e or more 
20 transmissions within that particular fr e qu e ncy. 

Th e r e ar e mor e sophisticat e d syst e ms to d e t e ct transmitt e d signals that us e oth e r 

m e thods for d e t e rmining signals of int e r e st. For instanc e , ther e ar e what ar e referr e d to as 
Electronic Support M e asur e s/El e ctronic Intelligence (ESM/ELINT) systems for 
conducting surv e illance ( e .g., radar, and oth e r signals across a wid e rang e of fr e qu e ncy 
25 sp e ctrums). Th e s e syst e ms d e t e ct on e or mor e signals produc e d by e mitt e rs (oft e n call e d 
"thr e ats") that ar e d e t e ct e d and obs e rv e d. 

For example, in a military aircraft or oth e r v e hicle, en e my signals ( e .g., radar) may 

be observ e d that ar e capable of detecting th e v e hicle ( e .g., an airplane). Th e s e threats may 
ne e d to b e determined prior to det e ction to e nsur e the safety of th e v e hicl e , and ar e often 
30 observ e d and classified to identify the particular threat. For e xampl e , certain signals may 
hav e particular signatures that ar e indicative of c e rtain typ e s of e mitt e rs. Furth e r, th e re 
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may b e a need to d e tect and identify th e location of a thr e at ( e .g., a radar installation) for 
targeting purpos e s. 

Ther e is a probl e m in that ther e may b e multipl e threats but only a finit e numb e r of 

resources to det e ct them. More particularly, there may b e hundr e ds of thr e ats, but r e ceiver 
5 capabilities do not allow all throats to b e observ e d simultan e ously at all fr e qu e ncies. 
How e v e r, th e r e is a n ee d to scan th e fr e quency spectrum in an effici e nt manner to d e t e ct 
all of th e signals of int e r e st. In som e cas e s, th e r e is a ne e d to have assurance that a thr e at 
will b e d e t e ct e d in tim e to r e spond to that thr e at. In th e cas e of d e t e ction of a radar e mitter 
by a v e hicl e , it may b e also n e c e ssary to det e ct th e thr e at b e for e th e thr e at is capable of 

10 d e t e cting th e v e hicl e . 

Th e r e is difficulty in balancing th e n ee d for d e t e cting e ach of num e rous possibl e 

thr e ats because of the finit e r e sources of the d e t e ction system. That is, hardwar e and/or 
software (e.g., m e mory, processing capability, e tc.) of the d e tection system may be limited 
to monitor only certain portions of the frequ e ncy spectrum of interest or may be limited to 

15 d e t e cting a limited numb e r of threats. Practically, th e re are a numb e r of threats that are 
concurr e ntly tran s mitting that should b e d e t e cted, but it i s exp e nsive from a hardwar e 
standpoint to monitor all frequencie s of int e rest at all times to d e t e ct all thr o ats 
simultaneously. For e xampl e , U.S. Pat e nt Number 6,020,8 4 2 discloses on e method for 
improving th e probability of int e rcepting data transmitted in a number of differ e nt 

20 fr e qu e ncy bands. In summary, th e r e is a continuing n ee d for improv e d m e thods for 
detecting and analyzing e mitt e r signals. 

SUMMARY OF THE INVENTI QN- 
According to one asp e ct of the invention, a method for detecting an emitt e r signal 

25 using at l e ast on e dw e ll is provid e d. Th e dw e ll indicates a frequency range, an amount of 
tim e a r e c e iv e r is tun e d to th e fr e qu e ncy rang e , how oft e n th e r e c e iver r e visits th e 
fr e qu e ncy rang e , and a d e t e cting m e thod. Th e method comprising acts of: a) s e l e cting a set 
of e mitters, the set of e mitters including at l e ast one e mitt e r; b) d e t e rmining a plurality of 
rec e iv e r detecting m e thods availabl e to d e t e ct th e s e t of emitt e rs; c) s e lecting a first 

30 detecting m e thod of th e plurality of d e t e cting methods; d) creating a first scan strategy, the 
first scan s trat e gy having a first s e t of dw e lls, wh e rein a bandwidth of th e first d e t e cting 
m e thod i s us e d to d e termin e a subset of th e plurality of emitt e rs whos e fr e quency rang e at 
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l e ast partially overlaps a frequency range of th e first s e t of dw e lls; and e) d e t e rmining a 
first cost of the fir s t scan strategy. 

In on e embodim e nt of th e invention, th e m e thod furth e r compri se s acts of: f) 

selecting a second det e cting m e thod of the plurality of detecting methods; g) cr e ating a 
5 s e cond scan strat e gy, th e scan strat e gy having a s e cond s e t of dw e lls, wh e r e in a bandwidth 
of th e s e cond d e t e cting m e thod is us e d to d e t e rmin e a subs e t of th e plurality of e mitters 
whos e frequency range at least partially overlaps a frequency range of th e s e cond s e t of 
dw e lls; and h) d e t e rmining a s e cond cost of th e s e cond scan strat e gy. 
According to anoth e r aspect of th e inv e ntion, a m e thod for det e cting an e mitter 

10 signal using at l e ast one dwell is provided. A dwell indicates a frequency rang e , an 

amount of tim e a r e c e iv e r is tun e d to th e fr e qu e ncy rang e , how oft e n th e r e c e iver revisits 
the frequ e ncy rang e , and a receiver det e cting m e thod. The method comprising acts of: a) 
creating a first dwell to det e ct signals from an emitt e r th e first dwell using a first detecting 
m e thod and indicating a first frequ e ncy rang e , the first fr e quency range overlapping at 

15 least a portion of the fr e quency range of the emitter; b) d e t e rmining a first cost of th e first 
dwell; c) cr e ating a s ot of s e cond dwells to d e tect signals from th e e mitt e r, each of th e set 
of s e cond dwell s u s ing a s e cond d e t e cting m e thod, th e s e t of second dwells having a 
combined s e cond fr e quency range overlapping th e portion of the fr e qu e ncy range of th e 
e mitter; d) det e rmining a s econd cost of th e s et of second dwells; and e ) comparing the 

20 first cost and th e s e cond cost. 

In on e e mbodim e nt, th e m e thod furth e r compris e s an act of: f) s e l e cting th e first s e t 

of dw e lls for us e in a scan strat e gy if the first cost is less than the second cost and s e l e cting 
th e s e cond set of dw e lls for us e in th e scan strat e gy if th e s e cond cost is l e ss than th e first 
cost. 

25 According to y e t anoth e r asp e ct of the invention, a r e c e iv e r syst e m for d e t e cting an 

e mitt e r signal using at l e ast on e dw e ll is provid e d. A dw e ll indicat e s a fr e qu e ncy rang e , 
an amount of tim e a r e c e iver is tun e d to th e fr e qu e ncy rang e , how oft e n th e r e c e iv e r 
r e visits the frequency rang e , and a rec e iv e r detecting m e thod. The r e ceiver system 
compris e s: a memory having stor e d th e rein a scan strat e gy, th e scan strat e gy being cr e at e d 

30 by a syst e m that ex e cut e s acts of: a) s e l e cting a set of e mitters, the s e t of emitters 

including at l e a s t on e e mitt e r; b) d e t e rmining a plurality of rec e iver d e tecting methods 
available to d e t e ct th e s e t of e mitt e rs; c) s e l e cting a first d e t e cting method of th e plurality 
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of detecting methods; d) cr e ating a first scan strat e gy, the first scan strat e gy having a first 
s e t of dw e lls, wherein a bandwidth of the first d e tecting method i s us e d to det e rmin e a 
sub s et of th e plurality of emitt e rs wh o s e fr e qu e ncy rango at l e ast partially ov e rlaps a 
fr e qu e ncy rang e of th e first s e t of dw e lls; and e ) d e termining a first cost of the first scan 
5 strat e gy. Th e rec e iver syst e m furth e r compris e s a controll e r that configur e s r e c e iv e r 
hardwar e to e x e cut e th e scan strat e gy. 

Further f e atur e s and advantag e s of th e pres e nt inv e ntion as w e ll as the structur e 

and op e ration of various e mbodim e nts of th e pr e s e nt invention ar e d e scrib e d in d e tail 
below with r e f e renc e to th e accompanying drawings. In the drawings, like r e f e r e nc e 
10 num e rals indicat e like or functionally similar e l e m e nts. Additionally, th e l e ft most on e or 
two digits of a r e f e r e nc e num e ral id e ntifi e s th e drawing in which th e r e f e r e nc e num e ral 
first appears. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 Th e inv e ntion is pointed out with particularity in th e append e d claims. The abov e 

and further advantag e s of this inv e ntion may b e b e tt e r understood by ref e rring to the 
following description when tak e n in conjunction with the accompanying drawing s in 
which similar ref e r e nc e numb e rs indicat e the same or s imilar e lements. 

Figure 1 is a block diagram of a detection syst e m according to one embodim e nt of 

20 th e inv e ntion; 

Figur e 2 is a block diagram of a d e t e ction syst e m according to anoth e r e mbodim e nt 

of the invention; 

Figure 3 is a flow diagram of a proc e ss for d e t e rmining scan strategy according to 

on e embodim e nt of th e inv e ntion; 

25 Figur e 4 is a block diagram of an e mitter databas e according to on e e mbodim e nt of 

th e inv e ntion; 

Figur e 5 is a flow chart of a proc e ss for e valuating an ant e nna mod e l according to 

on e embodiment of th e invention; 

Figure 6 is a flow chart of anoth e r proc e ss for evaluating an ant e nna mod e l 

30 according to on e e mbodim e nt of th e inv e ntion; 

Figure 7 is a chart showing an e xampl e emitt e r s ignal that can be rec e ived and 

d e t e ct e d according to on e e mbodiment of th e invention; 
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Figur e s 8A 8B ar e chart s showing how signals ar e measur e d without and with 

puls e grouping logic, r e sp e ctively; 

Figure 9 is an exampl e showing how emitt e rs having diff e r e nt s ets of range 

controls may b e satisfi e d by sel e cting dw e lls according to one e mbodim e nt of the 
5 inv e ntion; 

Figures 10A 10B are charts showing time in beam (TIB) extraction for diff e r e nt 

s e nsitivity l e v e ls according to one e mbodim e nt of th e inv e ntion; 

Figur e 1 1 is a diagram illustrating th e plac e m e nt of dw e lls in relation to th e pulso 

r e p e tition int e rvals of e mitt e rs, according to on e e mbodim e nt of th e invention; 

10 Figure 12 is a diagram illustrating two possible dw e ll plac e m e nt solutions for 

det e cting an e mitt e r, according to on e e mbodim e nt of th e inv e ntion; 

Figure 13 is a tabl e showing an example of a portion of an information matrix, 

according to on e e mbodim e nt of the inv e ntion; 

Figures HA and 11B ar e diagrams showing possible dw e ll placement solutions for 

15 the information matrix of Figure 13, according to on e embodiment of the inv e ntion; 

Figure 15 is a flow chart illustrating an exampl e of a m e thod for cr e ating a scan 

strategy, according to on e embodiment of th e inv e ntion; 

Figure 16 is a flow chart illustrating an e xampl e of a m e thod for cr e ating a scan 

strat e gy, according to on e e mbodim e nt of the invention; 

20 Figur e 17 is a diagram illustrating two possibl e scan strat e gi e s g e n e rat e d by using 

diff e r e nt initial limit values, according to on e e mbodiment of the invention. 

Figur e 18 is a flow chart illustrating an e xampl e of a m e thod for cr e ating a scan 

strategy, according to on e e mbodim e nt of th e inv e ntion; 

Figur e 19 is a tabl e showing emitt e r timing data, according to on e e mbodiment of 

25 th e invention; 

Figur e 20 is a tabl e showing e mitt e r timing data and dwell cost, according to one 

e mbodim e nt of th e invention; 

Figur e 21 is a diagram showing th e timing of e x e cution of dw e lls, according to on e 

embodim e nt of the invention; 

30 Figur e 22 is a flow chart illustrating a m e thod of s e lecting a non maximum dwell 

duration, according to on e embodim e nt of th e inv e ntion; 
Figur e 23 is a flow chart illustrating a m e thod of 
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Figur e s 24 A 24F are exampl e s Solution and Data matric e s, according to on e 

e mbodim e nt of th e inv e ntion; 

Figur e 25 is a diagram illustrating dwell coverag e of e mitt e rs after rounding down 

dw e ll minimum fr e qu e nci e s, according to on e e mbodim e nt of th e inv e ntion; 

5 Figur e 26 is a diagram illustrating dw e ll cov e rag e of emitt e rs aft e r rounding down 

dwell minimum fr e qu e nci e s, according to one embodiment of th e inv e ntion; 

Figur e 27 is a flow chart illustrating a method of compensating for tuning stop 

cov e rag e gaps, according to on e e mbodim e nt of th e invention; 

Figur e 2 8 is a flow chart illustrating a m e thod for v e rifying and allocating r e c e iv e r 

10 system resources, according to on e e mbodiment of th e inv e ntion; 

Figur e 29 is a flow chart illustrating a m e thod for v e rifying and allocating receiver 

system r e sourc e s, according to one e mbodiment of the invention; 

Figur e 30 is a diagram showing an e mitter's fr e qu e ncy rang e brok e n up into 

discrete pieces, according to one embodim e nt of the invention; 
15 Figur e 31 is a diagram s howing simulat e d detection of an e mitt e r' s scan patt e rn 

according to on e e mbodiment of th e inv e ntion; and 

Figure 32 is a diagram showing illumination p e riods of an emitter's scan pattern, 

minus int e gration tim e , according to on e e mbodiment of the inv e ntion. 

20 DETAILED DESCRIPTI ON 

According to one a s pect of th e pr e s e nt invention, an improved method is provided 

for det e cting signals generated by on e or mor e e mitters. Figur e 1 shows an e mbodiment in 
which various aspects of the invention may be employed. In particular, a m e thod for 
d e termining a s c an s trategy may b e employ e d in conjunction with a detection syst e m 101 

25 that detects on e or mor e s ignals 105 A, 105B tran s mitted by on e or mor e emitters 104 A, 
104B. As discuss e d above, those emitt e rs 104 A, 104B may b e transmitt e d by on e or mor e 
thr e ats 106 A, 106B, r e sp e ctively. 

D e tection syst e m 101 may includ e on e or mor e s e nsors 102 and one or mor e 

processing syst e ms 103 that rec e iv e and proc e ss signals 105 A, 105B r e c e iv e d by s e nsor 
30 102. Th e s e signals 105 A, 105B may b e , for e xample, electromagnetic signals transmitt e d 
in any on e of a number of fr e qu e nci e s, including radar, communication, and oth e r typ e s of 
signals. In one embodim e nt, th e r e c e iver or r e c e ivers may b e capabl e of d e t e cting one or 
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s ev e ral instantan e ous frequ e ncy (IF) bandwidth and vid e o bandwidth (VBW) 
combinations with varying s e nsitivity. Furth e r, th e d e tection syst e m may e mploy 
alt e rnat e , singl e or multiple m e thods of signal d e tection. 

Signals r e c e iv e d from sensor 102 are pass e d to r e c e ive processor 103. In one 

5 asp e ct of the pr e s e nt inv e ntion, r e c e iv e r proc e ssor 103 r e c e iv e s and proc e ss e s multipl e 
signals from on e or mor e s e nsors 102 and impl e m e nts a scan strat e gy. In particular, 
processor 103 may be capabl e of d e tecting on e or mor e thr e ats 106A B by obs e rving 
fr e quency bands d e fin e d by th e scan strat e gy. This scan strat e gy may b e provided by one 
or mor e syst e ms 108A 108B, for e xample. 

10 As discuss e d abov e , det e ction syst e m 101 may b e impl e m e nt e d in various ways. 

For e xampl e , a scan strat e gy may b e computed offline by syst e m 108B. Th e scan strat e gy 
may then be transferred to d e t e ction syst e m 101, which is mount e d in a v e hicle. Detection 
system 101 may then implem e nt the scan strategy computed by syst e m 108B. V e hicle 107 
may be, for example, an aircraft that fli e s a particular mission. Although system 101 may 

15 be install e d on or us e d in conjunction with a v e hicl e 107, it should b e appreciated that the 
invention is not limit e d to b e ing us e d with a vehicle. For exampl e , sy s t e m 101 may b e 
used as a s tandalon e system, or may be a stationary or mobil e unit. 

System 101 may be implem e nt e d in hardware, softwar e , or a combination thereof. 

In on e e mbodiment of th e inv e ntion, variou s components of syst e m 101 may be 

20 impl e m e nt e d in a softwar e program e x e cuting in a g e neral purpose comput e r syst e m (e.g., 
a personal computer (PC)). It should b e appreciat e d that th e pr e s e nt inv e ntion is not 
limit e d to any particular combination of hardwar e or softwar e , but rath e r, th e syst e m may 
b e impl e ment e d with any numb e r and combination of hardwar e and/or softwar e syst e ms. 
System 108A 108B may d e t e rmin e an optimum strat e gy for scanning th e multipl e 

25 signals according to various e mbodim e nts of th e inv e ntion. In on e embodiment of the 
inv e ntion, proc e ssing systems 10 8 A 108B provid e an e valuation of th e strat e gy to 
d e t e rmin e wh e ther each signal of int e r e st is d e t e ct e d w f ithin d e fin e d constraints. 

A determination of scan information (e.g., a scan databas e in th e form of a scan 

tabl e ) that d e scribes an optimum scan strategy may b e p e rform e d by s yst e m 108A ( e .g., 

30 system 108 A may form part of d e t e ction syst e m 101) or by a s ystem 108B e xternal to 
d e t e ction sy s t e m 101 (e.g., a computer system configur e d to d e t e rmin e scan tabl e 
information for d e t e ction syst e m 101). Any sy s t e m, e ith e r part of or s e parate from 



d e tection system 201 may b e used to d e t e rmin e a scan strat e gy. According to on e aspect 
of th e pre s ent invention, a s oftwar e program that e x e cut e s on a PC may acc e pt a numb e r 
of param e t e rs d es cribing emitters of int e r e st, s yst e m configuration information and in, one 
embodiment, actual e mitter data to determine an optimum scan tabl e for the det e ction 
5 syst e m 101. Th e softwar e program may b e capabl e of producing scan information in a 
format that can b e us e d to e x e cute th e det e rmin e d scan strat e gy by d e t e ction syst e m 101. 
For a detection system 101 implement e d in a vehicl e 107 ( e .g. an aircraft), the softwar e 
program may b e op e rat e d prior to a mission to d e t e rmin e an optimum scan table, and the 
scan tabl e may b e input to th e d e t e ction system 101 for use during a mission. 

10 Figur e 2 shows a system 201 for determining a scan strat e gy according to one 

e mbodiment of th e inv e ntion. Syst e m 201 is similar in function to systems 108A 108B 
described abov e and is configured to d e t e rmine a scan strategy for on e or more d e t e ction 
systems (e.g., detection system 215). System 215, similar in function to systems described 
above, is configured to receive on e or mor e signals 208 to be det e cted and identified. 

15 These signals may b e rec e iv e d by one or more r e ceivers/sensor s 206, output s of which ar e 
processed by a processor 201. Proc es sor 201 analyses and id e ntifies th e s e signals based 
on th e scan strategy and other information provided by system 201 and informa tieft 
identified in th e received signals. 

A s discussed abov e , th e s e signals may b e transmitt e d by on e or mor e thr e at s , and 

20 sy s t e m 201 may b e us e d in conjunction with a d e tection syst e m ( e .g., syst e m 215) to 
identify th e s e thr e ats to a us e r. That is, syst e m 101 may b e op e rat e d to provid e a scan 
strat e gy to detection syst e m 215. 

Furth e r, system 201 may hav e an associat e d int e rfac e 203 to r e c e iv e input from 

and display information to user 202. Int e rfac e 203 may b e , for e xampl e , a graphical user 

25 interface of a computer system. User 202 may also provid e input to syst e m 201 to 

configur e syst e m 201, input d e fin e constraints, provide information r e garding e mitt e rs, or 
provid e any oth e r typ e of input. According to one embodim e nt of th e inv e ntion, a numb e r 
of e mitters are defined to th e d e t e ction syst e m 201 by us e r 202, and based on th e s e 
e mitters, a scan strat e gy 211 may b e determined for on e or more of thes e e mitt e rs. As 

30 discussed abov e , a syst e m for det e rmining scan strat e gy may b e incorporat e d in a 

d e t e ction sy s tem, or may b e impl e ment e d se parat e ly, and it should b e appr e ciat e d that th e 
inv e ntion i s not limited to any particular implem e ntation. 



System 201 may include an associat e d s torag e? 205 for storing on e or mor e e mitt e rs 

210 that includes on e or mor e emitter entries, a scan strat e gy 211, any constraints 212, and 
rules 216 for processing e mitt e rs. Although Figur e 2 shows storage 205 that is part of 
syst e m 201, it should b e appr e ciat e d that storag e 205 may be s e parate from syst e m 201. 
5 Furth e r, it should b e und e rstood that any portion of th e data used by syst e m 201 may bo 
stored in any location, e ither on syst e m 201 or e lsewhere. 

In on e embodim e nt, an e mitt e r e ntry includes a number of parameters that describe 

a particular e mitt e r ( e .g., fr e qu e ncy rang e , ant e nna type, scanning m e thod us e d, e tc.) 
Constraints 212 may includ e , for e xampl e , constraints of syst e m 201 which may includ e , 

10 for example, processor 201 capability, m e mory limitations, or any oth e r limitations of 
hardwar e and/or softwar e of syst e m 201 that may e ff e ct its p e rformanc e in det e cting and 
identifying signals 208. Constraints 212 may also include thos e limitations pos e d by a 
/ user ( e .g., limitation to a particular frequency band of inter e st, removal of a particular 
emitter type, or other user limitation). Scan strat e gy 21 1 may includ e a numb e r of e ntries 

15 that d e fine one or mor e "dw e lls" used to scan on e or mor e of th e emitt e rs d e fined in 

emitt e r database 210. A dw e ll g e n e rally d e fines scan r e source solution(s) ( e .g., frequency 
range to b e scanned, s e nsitivity, scan period, r e visit time, etc.) that m e et on e or mor e 
emitter requirement s . A dw e ll may be us e d to configure a receiv e r that det e cts th e on e or 
mor e e mitt e rs that th e dwell is d e sign e d to det e ct. 

20 Optionally, syst e m 201 may be adapted to d e termin e a scan strat e gy taking into 

account th e op e ration of on e or mor e jamm e rs 207 that actively provide signals 209 to a 
jamm e r transmitt e r 21 4 that "jams" on e or mor e e mitt e rs. That is, syst e m 215 may b e 
capable of producing a signal that int e rf e r e s with d e t e ction by a thr e at. According to on e 
asp e ct of th e inv e ntion, it is r e aliz e d that a jamm e r may have an e ffect on detection of one 

25 or mor e signals by system 215, and ther e for e it may b e ben e ficial to consid e r activity of a 
jamm e r in d e termining a scan strat e gy by syst e m 201. 

De termining Scan Strategy 

According to one aspect of th e pres e nt inv e ntion, a rec e iv e r scan strat e gy may b e 

30 g e n e rated that provid e s optimal or n e ar optimal int e rc e pt p e rformanc e against an arbitrary 
s e l e ct e d s e t of e mitter paramet e r s . It is r e aliz e d that a scan strategy that can e nable 
e fficiently scanning of a s e t of e mitt e rs and m ee t th e interc e pt r e quir e m e nts of e ach 
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e mitt e r in the set. Also, bas e d on one or more e mitt e r s of the s e t, a scan strat e gy may be 
d e t e rmined that minimizes th e number of tuning dwells us e d to d e tect th e emitter(s). In 
anoth e r asp e ct of the pr e sent invention, the scan strategy minimiz e s th e numb e r of r e c e iver 
r e sourc e s n e c e ssary to d e tect on e or mor e e mitt e rs of interest. 

5 Figur e 3 shows a proc e ss 300 for d e t e rmining a scan strat e gy. At block 301, 

proc e ss 300 b e gins. At block 302, a solution is d e t e rmined for one or mor e e mitt e rs of 
int e r e st. As discuss e d abov e , param e t e rs associat e d with e ach e mitt e r of int e r e st may b e 
input to syst e m 201 . Syst e m 201 may b e capable of allowing a us e r to s e l e ct e mitt e rs for 
which a scan strat e gy is to b e d e t e rmin e d. Optionally, constraints may b e d e fin e d to 

10 syst e m 201. A math e matical model may bo constructed using emitter param e t e rs and 
constraints, if any, that can b e us e d to d e t e rmin e tuning dw e lls and their associated 
parameters. Mor e particularly, at block 303, a scan strategy may b e determined, for 
e xample, by det e rmining dwells that m ee t th e emitter requirements, selecting an optimum 
dw e ll s e t ( e .g., based on cost of e xecuting the dw e ll s e t). For instance, dwells may be 

15 d e fined that m e et the requir e m e nts of a s e t of emitters, and dwells may b e compared ba s ed 
on a cost of implem e ntation, and dw e lls may be s e lected as part of a solution s e t of dwells 
bas e d on th e ir co s t of impl e m e ntation. According to on e embodim e nt of the invention, a 
databa s e of emitter paramet e rs is u s ed to determin e a s e t of receiv e r tuning dw e lls that ar e 
minimal or n e ar minimal in numb e r and minimal or n e ar minimal in usage of receiv e r 

20 r e sourc e s, as allocat e d in tim e , th e s e t of dw e lls, wh e n e x e cut e d, allows the receiver to 
satisfy its interc e pt r e quir e m e nts. Optionally, the d e t e rmin e d scan strat e gy may b e 
e valuat e d to m e asur e its p e rformanc e at block 304. At block 305, process 300 ends. 

In on e e mbodiment, a database of e mitt e r paramet e rs is cr e at e d that includ e s 

int e rc e pt r e quir e m e nts for e ach e mitt e r. In anoth e r e mbodiment, th e databas e may include 

25 alt e rnative and/or multipl e int e rc e pt r e quir e ments p e r e mitt e r. Emitters in th e databas e or 
a subs e t thereof ar e s e l e ct e d, and dw e ll param e t e rs ar e d e t e rmin e d for those selected 
e mitt e rs. According to on e e mbodim e nt, the dw e ll solution may be constrain e d by on e or 
mor e solution constraints, if any. In anoth e r embodiment, inputs ar e accepted that 
constrain th e solution based on e nvironm e ntal knowledg e of the op e rating th e at e r or 

30 r e gion. According to one asp e ct of th e invention, e ach of th e e mitter mod e l, its dwell 

solution(s), constraints, and other relat e d information may b e stor e d in an e ntity r e f e rr e d to 
as an e mitt e r databa se . 



-11- 

Figur e 4 shows an e mitter databas e 4 01 according to one e mbodiment of the 

invention. More particularly, e mitt e r databas e 401 includ e s on e or mor e e mitt e r e ntri e s 
103, e ach of which corresponds to an emitt e r to b e d e t e ct e d by th e d e tection syst e m ( e .g., 
syst e m 215). Associat e d with e ach e mitt e r e ntry ar e a number of e mitt e r param e t e rs 402 
5 which d e scribe charact e ristics of e ach e mitter. Emitter paramet e rs 402 may also include 
on e or mor e solutions for each e mitt e r ( e .g., dw^ e ll solutions that satisfy the emitter 
r e quir e m e nts). Th e e mitt e r databas e 401 can tak e th e form of an N by M matrix (ref e rr e d 
to h e r e inaft e r as an "information matrix") that models emitters (N) and their potential 
solutions (M) in which th e minimal solution s e t is contain e d. As discuss e d abovo, 

10 constraints may also apply to this N x M information matrix. 

Bas e d on th e e mitt e r and constraint (if n e c e ssary) inputs, dwell param e ters may bo 

computed for each selected emitter database entry (N inputs). This computation may b e 
performed for e very possible receiver tuning configuration (e.g., IF/VBW combination), 
yielding s e v e ral potential solutions p e r e mitter databas e entry (M). 

15 As discussed above, mod e ling may be used to d e t e rmin e a scan strat e gy. In 

particular, a model of th e r e ceiver may be e mployed to establish receiv e r charact e ristics 
with r e spect to valid tuning configurations. An environment model may also be included 
to model e lectromagn e tic propagation b e tw e en each emitt e r and the rec e iver. For 
example, system 201 may model 2 dim e n s ional and 3 dimensional e mitt e r transmitted 

20 scan patt e rns. Th e s e mod e ls and th e ir charact e ristics are then used to determine hardware 
s e ttings of a r e c e iver proc e ssor for d e t e cting th e s e e mitt e rs within particular constraints as 
discuss e d further b e low. 



de termining an Optimal Dwell Solut ion 

25 As discuss e d abov e , th e e mitter databas e 401 may include on e or mor e dw f oll 

solutions for each e mitt e r. Thes e dw e ll solutions may includ e on e or mor e param e ters that 
sp e cify tuning configurations to d e t e ct the emitter signal. According to one embodiment 
of the inv e ntion, emitt e r databas e 401 (e.g., an information matrix) may include, for 
e xampl e , on e or mor e tuning param e t e rs of th e dwell including parameters referred to 

30 her e in as dw e ll duration and r e visit tim e . Dw e ll duration is the amount of time sp e nt 
obs e rving a particular fr e qu e ncy ( e .g., a portion of th e e l e ctromagn e tic fr e qu e ncy 
sp e ctrum), and the r e visit tim e of a particular dw e ll fr e qu e ncy is th e tim e b e twe e n 
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observati o n s of that frequ e ncy. R e visit t im e may b e s olv e d for singl e and multiple 
illumination tim e cas e s, as appropriate. 

A ratio of dw e ll duration and revi s it time may b e u se d to approximate th e r e c e iv e r 

"cost" of executing the dwell. Giv e n an N by M information matrix, a search may bo 
5 p e rformed for an optimum solution that minimiz e s th e cost of th e dw e lls, and th e solution 
may be constrained as necessary. According to on e e mbodiment of the invention, the 
optimum solution may be d e fin e d as any s e t of scan strat e gy dw e lls that r e duc e s both the 
dw e ll count and r e c e iv e r usage, the receiver usage b e ing d e fin e d as the sum of individual 
dw e ll durations divid e d by individual dw e ll r e visit tim e s. 

10 B e caus e a s e arch for th e optimal solution using this model is an NP Complete 

problem that cannot b e solv e d mathematically, s e v e ral m e thods may b e us e d to guid e , 
limit and prune th e s e arch to avoid searching exhaustiv e ly. Th e s e m e thods includ e but ar e 
not limit e d to rec e iv e r s e gmentation (multipl e rec e ivers), frequ e ncy segm e ntation, field of 
view segm e ntation, pre filtering and post filt e ring t e chniqu e s to s e t and reset potential 

15 solution paths, and partial path e valuation to identify and avoid fals e solutions. It should 
b e appreciat e d that any m e thod may be us e d to det e rmine an optimal solution, and th e 
invention is not limit e d to any particular solution d e t e rmining m e thod. 

According to on e e mbodim e nt of the invention, th e r e c e iver mod e l may b e used to 

take advantage of timing relationships b e tween dw e lls to minimize th e cost function and 

20 r e mov e pot e ntial scan r e dundancy. Onc e an optimum solution is found, it is still possibl e 
that th e solution cannot b e r e aliz e d, giv e n hardwar e and/or softwar e constraints of the 
receiving syst e m. This condition may b e d e t e ct e d and a r e alizable solution may b e 
d e t e rmined, for e xampl e , by fully consuming the constrain e d capacity, th e n compl e ting 
the solution search with th e consumed capacity e xclud e d from pot e ntial solution s e t. A 

25 solution s e arch may b e p e rform e d it e rativ e ly on each capacity mod e l e d, until a viabl e 
solution is found, or th e conclusion is drawn that no viable solution exists (e.g., the 
receiving syst e m lacks th e hardwar e or softwar e r e sourc e s to solv e th e d e sir e d int e rc e pt 
problem r e quir e ments). 

Rec e iv e r dw e lls may be outputted by system 201 along with data indicating 

30 estimated r e al world p e rformance. This information may b e output, for e xample, to a user 
for e valuation purposes. Scan strategy ( e .g., a sot of rec e iv e r dw e lls) may b e output by 
sy s t e m 201 to a r e c e iv e r syst e m capabl e of performing th e scan strat e gy. Alternativ e ly, 
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sy s t e m 201 may b e part of th e r e ceiv e r syst e m, and ther e for e may bo part of a system that 
executes th e scan strat e gy. Th e s e t of dwells us e d by th e r e c e iv e r syst e m may b e output in 
a form usabl e by th e r e c e iver system. 

In anoth e r e mbodim e nt of th e inv e ntion, it is r e cognized that ELINT and ESM 

5 r e c e iv e r syst e ms ar e d e sign e d to int e rc e pt non - coop e rative signals of int e r e st. B e caus e the 
signals ar e non coop e rativ e , th e r e c e iv e r syst e m analyz e s all d e t e ct e d signals pr e s e nt in th e 
environment to discriminat e signals of inter e st from environm e ntal noise and incidental 
background signals. B e caus e th e detection environment complicat e s detection of e mitters 
of int e r e st, computational and throughput burd e ns ar e impos e d on th e r e ceiver system and 
10 th e s e burd e ns can slow signal int e rc e pt p e rformanc e . Thus, it may b e b e n e ficial to reduc e 
th e e ff e cts of th e proc e ssing burd e n and improv e r e c e iv e r int e rc e pt p e rformanc e in the 
pr e s e nce of significant e nvironmental background en e rgy. 

ELINT and ESM receivers employ a scan strategy to scan th e fr e quency spectrum 

for signals of interest. This scan strat e gy compris e s a s e t of dwell s , which d e fine for how 

15 long energy i s sampled in a portion of the frequency spectrum, and how often that portion 
of th e fr e quency spectrum should be sampled. Th e s e ar e r e ferred to a s Dwell Duration 
(DD) and dwell Revisit Time (RVT) respectiv e ly. Dwell Duration may be further 
subdivided into two time int e rval s, Minimum Dw e ll Duration (MDT) and Extended Dw e ll 
Duration (EDT). A valu e of MDT defines the shortest time p e riod spent for a given dw e ll, 

20 whil e a valu e of EDT defines the maximum amount of tim e sp e nt for the given dw e ll. The 
actual tim e sp e nt (Dw e ll Duration) rang e s b e twe e n thes e two limits, bas e d on th e signal 
d e nsity in th e sampl e d portion of th e sp e ctrum. 

Described b e low are various asp e cts of th e inv e ntion which r e lat e to th e d e t e ction 

of e mitt e r signals and/or d e t e rmination of a scan strategy. Each aspect, although d e scribed 
25 b e low in t e rms of on e or mor e e xampl e s, is ind e p e nd e nt and th e r e for e e ach independent is 
not limit e d to the e xampl e s, or to any other asp e cts d e scrib e d h e rein. 

Dis continuity Correc 4te» 

As discussed above, emitt e rs may b e mod e l e d using parameters that d e scribe the 

30 transmission characteristics of th e e mitt e r signal. Thes e charact e ristics are commonly 
r e f e rr e d to in th e art as an ant e nna model. — These charact e ristics may includ e , for 
e xampl e , b e amwidth, fr e qu e ncy rang e , gain (e.g., in main beam and sid e lob e s), etc. 
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Oft e n, there may b e e rrors in th e mod e l s that may affect how th e e mitt e rs ar e 

proc e ss e d and det e ct e d. Wh e n revisit tim e s are comput e d for e ach r e c e iv e r detecting 
m e thod ( e .g., HW bandvvidths) for an emitt e r in an information matrix of e mitt e rs, th e y 
may not b e monotonically incr e asing/d e creasing as e xp e ct e d du e to discontinuiti e s in the 
5 e mitter ant e nna model. According to on e e mbodim e nt, th e s e discontinuiti e s ar e id e ntifi e d 
and errors ar e flagg e d if th e corr e ction would bo larg e enough to imply an e rror in the 
mod e l. Th e s e e rrors may b e creat e d, for e xampl e , during emitter input ( e .g., a data entry 
e rror) may b e du e to a data int e grity e rror, or oth e r r e ason. In conv e ntional detection 
syst e ms, such e rrors ar e not d e t e ct e d and if unr e cognized, would lead to an in e ffici e nt or 

10 e rron e ous dw e ll strat e gy. 

Mor e sp e cifically, it is assum e d that th e antenna structur e of an emitt e r will hav e a 

main beam which is s e veral degrees (or fractions of a d e gree) wid e , and a sidelobe 
structur e situated on e ither side of the main beam. Those side lob e s will hav e lower 
magnitude moving away from th e main beam, and this magnitud e drops sharply as the 

15 distanc e from th e main b e am becomes great e r. 

If a syst e m used to d e tect such an e mitt e r sees an atypical lobing s tructur e , th e 

emitter may be ignored as the antenna model is incorr e ct (and ther e fore th e e mitter should 
not be used to d e termine the dwell solution). For in s tanc e , using the antenna mod e l 
described abov e , it is exp e ct e d that as the sensitivity of th e receiver is adjusted to det e ct 

20 mor e of the mod e l ( e .g., sid e lob e s), the revisit tim e for d e t e cting should also incroaso. If 
th e r e visit tim e d e cr e ases as sensitivity incr e as e s, an e rror may e xist in th e antenna mod e l. 

Figur e 5 shows a process 500 for e valuating an ant e nna mod e l according to on e 

e mbodiment of th e inv e ntion. This proc e ss may b e performed, for e xampl e , by a d e t e ction 
system (e.g., syst e m 201). At block 501, proc e ss 500 b e gins. As part of d e t e rmining 

25 dw e ll duration, dw e ll r e visit tim e (RVT) is computed for each d e t e cting m e thod ( e .g., IF 
and vid e o bandwidth combinations) of th e r e c e iv e r. At block 502, a sub matrix may bo 
cr e at e d for each e mitt e r/ e mitt e r mod e process e d, e ach row r e pr e s e nting th e r e sults for each 
emitter/mode, and e ach column r e pr e senting on e of th e d e t e cting methods. At block 503, 
the columns are ordered by increasing sensitivity of th e d e tecting method. B e cause th e 

30 columns are in incr e asing sensitivity order, physics dictat e s that th e comput e d r e visit time 
(RVT) across th e column s s h o uld b e e qual or monotonically incr e asing. Th e r e for e , 
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according to on e e mbodim e nt of the invention, a m e thod is provided that d e t e rmin e s 
wh e ther r e vi s it time d e cr e ases as s e nsitivity increases, and if so, an e rror is identified, 

According to on e e mbodim e nt, an algorithm is provided that analyz es th e e mitt e r 

matrix for e rrors in an antenna model. In on e e xampl e shown in Figur e 5, th e d e t e ction 
5 syst e m loops through each row of th e sub matrix and compares the N A non zero value of 
RVT to N+l valu e , to id e ntify a d e cr e asing d e lta (in on e e mbodim e nt, a valu e of z e ro is 
us e d to indicat e that no RVT computation was p e rform e d for the corr e sponding det e ction 
method). In particular, th e d e tection system evaluates for each N ** * non zero value of 
RVT, th e diff e r e nce b e tw e en th e valu e s of RVT N and RVTW at block 504. At block 505 

10 it is d e t e rmin e d wh e th e r th e valu e of RVT is incr e asing, and if so, th e N+l column is 
d e t e rmin e d to b e valid, and N is incremented at block 507. If the value of RVT is 
d e cr e asing th e N+l column is marked as invalid, and the N fe column is compared with the 
N^ +2 column to determin e whether RVT is increasing. If no discr e pancies ar e found, then 
the column of the sub matrix is valid. 

15 Optionally, if the deltas ar e small enough, the column value s ar e put in asc e nding 

RVT ord e r, under the assumption that the e rror is due to a minor modeling discontinuity. 
An e rror may b e considered "larg e e nough," for e xampl e , dep e nding on how good the 
antenna model is ( e .g., wh e ther th e ant e nna model is accurat e in its description of th e 
lobing structur e ) and how clos e ly th e detection s yst e m should adh e r e to thi s mod e l. For 

20 e xampl e , if th e ant e nna mod e l is det e rmin e d e mpirically from data, and data points ar e 

interpolat e d, a l e ss stringent e rror may b e n ee ded to account for minor e rrors in th e mod e l. 
However, if the model is bas e d on rang e t e sting or som e oth e r mor e accurat e m e thod, th e n 
th e allowabl e e rror may b e l e ss. According to one e mbodiment, this error is configurabl e 
by an op e rator according to th e ant e nna mod e l us e d. For instanc e , th e mod e l could b e 

25 consider e d valid if e rror is not gr e at e r than 30%. How e v e r, it should b e appr e ciat e d that 
th e error valu e could b e adjust e d to any acc e ptabl e valu e to id e ntify mod e l e rrors without 
trigg e ring fals e indications, and that th e inv e ntion is not limit e d to any particular valu e . 

If th e d e t e ct e d e rror is larg e , no corr e ction is made and th e e rror is l e ft for 

downstream validation to d e t e ct and flag to th e op e rator (e.g., via int e rfac e 203). In one 

30 embodim e nt of th e inv e ntion, th e algorithm may b e p e rform e d as part of proc e ss 300 for 
d e termining a scan strat e gy as discuss e d abov e . In particular, th e algorithm may b e 
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p e rform e d as part of, for e xample, block 302 wh e r e in emitter data is input, and i s ch e ck e d 
for discontinuiti es prior to det e rmining a dw e ll strat e gy, 

Figur e 6 s hows anoth e r proc e ss 600 for evaluating an ant e nna model according to 

on e e mbodim e nt of th e inv e ntion. At block 601, proc e ss 600 begins. According to this 
5 e mbodim e nt, th e e valuation is s e gm e nt e d by columns at block 602, allowing comparisons 
across groups of r e lat e d columns, and th e r e for e th e det e ction syst e m can p e rform 
comparisons betw e en groups of r e lat e d d e tecting methods. For e ach group, th e d e t e ction 
syst e m e valuat e s th e e ntri e s within th e group at block 603. This e valuation for a subgroup 
may b e similar to the e valuation p e rform e d on an e ntire group as discuss e d abov e with 

10 r e f e r e nc e to Figur e 5. In on e e mbodim e nt of th e inv e ntion, s e v e n columns ar e ch e ck e d in 
two pass e s, one pass testing the monotonic r e lationship across the first four columns 
representing a first group, and th e other pass t e sting across th e last thre e columns 
representing a s e cond group. According to on e e mbodiment, detecting methods within a 
group may be reordered within that group. Discontinuities among th e groups can also b e 

15 identifi e d (e.g., at block 601). In on e e mbodiment of the invention, if there is a 

discontinuity betwe e n groups, it is left uncorr e cted to be flagg e d by down s tream validation 
logic for the operator's resolution or r e solution by another proc e ss. For instance, at block 
606, th e e mitt e r model may b e flagged as b e ing suspect for resolution by th e operator or 
another proc e ss. At block 607, process 600 ends. 

20 According to on e e mbodim e nt of th e inv e ntion, e valuation of e rror may b e 

p e rformed within vid e o bandwidth (VBW) groups. Mor e particularly, groups may b e 
placed, for example, in asc e nding ord e r, and e rrors d e t e rmin e d by comparing cons e cutiv e 
e ntri e s. As discuss e d above, entries having a decreasing value within th e asc e nding order 
may b e ignor e d, whil e e rrors du e to minor s e nsitivity d e ltas may b e corr e cted. Errors 

25 b e tw ee n IF bandwidths may also b e d e t e ct e d, how e v e r, th e e rror may b e coars e r, and 
th e r e for e th e e rror tol e ranc e gr e ater betw ee n entri e s. 

In this mann e r, the accuracy of th e e mitt e r database is incr e as e d, and as a r e sult, 

th e scan strategy based on th e mor e accurat e databas e is mor e accurate. Mor e particularly, 
e rrors in th e e mitter databas e ar e e liminat e d and r e moved prior to d e t e rmining the scan 
30 strat e gy, and therefor e the scan strategy is more accurate. 
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Multi valued Illumination Time Revi s it Time Calculation 

A s discu s s e d abov e , an e mitt e r may, for e xampl e , pr ese nt more than one 

illumination tim e to a detecting rec e iv e r. For e xampl e , a multifunction radar that both 
swoops azimuth and chang e s its el e vation angl e pr e s e nts multipl e illuminations to be 
det e cted. In this example, e ach pass of the radar provides a diff e rent pow e r l e v e l b e am 
width to th e r e c e iv e r that should b e d e t e ct e d. 

According to on e asp e ct of th e pr e s e nt inv e ntion, a method is provid e d for 

computing th e r e visit tim e for an e mitter that pr e sents mor e than on e unique valu e of 
illumination time to tho dotocting receiv e r. In one embodiment, e ach of th e multivalu e d 
illuminations ar e r e pr e s e nt e d as a singl e e mitt e r, and a r e visit tim e is calculated that moots 
requir e ments for d e t e cting any of th e illuminations. 

Th e r e visit time equation is a closed form e quation wh e n illumination tim e is 

single valu e d, but neods to be solv e d it e rativ e ly when it is not An in e fficient 
approximation is to tak e th e averag e of th e illumination tim e valu e s and us e th e closed 
form equation. Conv e ntional syst e m s generally us e th e av e rage valu e and it is realized 
that this averag e valu e is not, in g e n e ral, th e most efficient solution. According to on e 
aspect of th e invention, a d e tection syst e m us es a mor e weighted m e thod for det e rmining 
r e vi s it tim e for multivalued illuminations, in on e embodim e nt, an op e n form equation is 
u s ed to d e t e rmin e a corr e sponding r e visit time for multivalu e d illuminations. Th e r e for e , 
on e asp e ct of the inv e ntion involv e s solving th e open form e quation in an it e rativ e manner 
within a tolerance (e.g., an acc e ptable probability of det e cting each illumination). In on e 
e mbodim e nt, an initial RVT i s d e t e rmin e d bas e d on an av e rag e valu e of the time in boam 
(TIB) of all of th e illuminations of int e r e st. Th e av e rag e valu e of RVT may b e , in most 
instances, a good "first gu e ss" at an RVT valu e which can b e improv e d upon it e rativ e ly. 
For instanc e , in one embodiment, tho initial RVT may be estimat e d ( e .g., by taking th e 
av e rage valu e ) and th e n adjust e d to m ee t a d e sired probability of d e tection. 

In on e e mbodim e nt of th e inv e ntion, dw e ll revisit tim e (RVT) is d e t e rmin e d for 

each det e cting method (e.g., IF and video bandwidth combinations) of th e rec e iver. This 
computation involves e valuating th e following equation: 




Equation 1 
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Wh e re N is th e numb e r of d e t e ction opportuniti e s ( e .g., allowabl e radar "paints"), 

Pd is th e desired probability of d e tection and TIB i s th e e xpect e d duration of e ach "paint" 
or illumination. TIB is only a single value for 2D scans under static conditions. For 3D 
scans, th e r e may be s e v e ral valu e s of TIB p e r "paint" (N), and under dynamic sc e narios, 
2D TIB incr e as e s/d e cr e as e s on subs e qu e nt paints bas e d on d e cr e asing/incr e asing range, 
r e sp e ctiv e ly. 

Th e following e xampl e proc e ss d e t e rmin e s RVT with s e v e ral TIB valu e s p e r paint 

N and varying TIB valu e s p e r paint N. This proc e ss includ e s an ass e ssm e nt of th e partial 
contribution of each TIB in satisfying th e overall probability of d e t e ct, and 
increm e nting/decr e m e nting the trial RVT valu e until the sums satisfy th e d e sired 
probability of det e ction, within a tol e rance. 

Given: 

• — TIBS: A v e ctor of illumination tim e s for th e obs e rvation p e riod 

• — Pd: Desired probability of detection 

• — STEP: Minimum RVT increment 

• — RVT ^ : Maximum p e rmissibl e RVT value 

Th e following proc e ss may bo used to d e termin e RVT: 

8. Initialize the constants NI and PPT. 

NI := integ e r number of "paint s " in th e obs e rvation p e riod 
PPT:= numb e r of el e m e nts in TIBS 

Th e s e r e pr e sent the total number of passes th e radar mak e s across the s e arch 

volum e , and th e total number of paints within that ar e observable within the s e arch volume 
across th e obs e rvation period, r e sp e ctiv e ly. If th e TIBS data r e pr e s e nts 3D scan 
information, th e se constants ar e adjust e d as follows: 



PPT:~ PPT:NI — (paints p e r volum e search) 
NI:- 1 
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9. Using Equation 1 abov e , compute the initial RVT by s e tting N to NI and TIB to th e 
av e rag e value of TIBS. If th e r e sulting RVT is larg e r than th e large s t valu e in TIBS 
(and th e r e fore the average valu e of TIBS may not b e th e b e st "first gu e ss"), ro - 
5 comput e RVT with TIB s e t to th e max value of TIBS and N~l . 



10. RVT is now that initial solution. D e t e rmin e the s e arch dir e ction: 



PPT jsjt 

SIGN^lnjl-Pd)-^ 



1- 



TIBS M 



10 

Set SIGN to +1 or 1, depending on if it is positiv e or negative. 

11. Det e rmin e if RVT valu e is clos e enough, e xiting if the predict e d Pd delta i s within 
tolerance: 

15 

P ^ NI 



M=\ 1- 



rvt 



Tolerance >Pd-e T!BS " 



12. Incr e m e nt/d e crem e nt trial RVT: 

20 RVT ~ RVT + SIGNxSTEF 

Exit if RVT incr e m e nts/d e cr e m e nts out of th e rang e 0< RVT^RVT^, limiting RVT 
to th e cross e d bound. 

If th e loop count e r e xc ee ds RVT^: STEP, e xit logging an error. 



25 
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13. T e st trial RVT: 



PPT NT 

SIGN T =\n{\-Pd)-Y. ' ' 



TIBS M 



5 S e t SIGMp to +1 or 1, d e p e nding on if it is positiv e or n e gativ e 



11. If SIGN equals SIGN?, r e p e at st e ps 5 and 6. Exit if SIGN^ is positiv e . If SIGN p4s 
negative, decrement RVT by STEP and exit. 



10 By using th e abov e process, an RVT is determined that tak e s into account more 

than on e uniqu e value of illumination time, and is mor e e fficient than computing an 
av e rag e value u s ing all of th e illumination s of int e rest. Becaus e th e computed RVT 
sati s fies a pred e t e rmined toleranc e , th e probability of d e t e ction for e ach of the 
illuminations is satisfied. 

15 

M ultiple Intercept Rule Evaluation 

As discuss e d abov e , th e r e ar e conv e ntional d e t e ction syst e ms that scan a rang e of 

fr e qu e nci e s lin e arly and ther e for e th e s e syst e ms do not e stablish scan strat e gi e s. 
How e v e r, in a syst e m that comput e s a scan strat e gy having multipl e solutions for 

20 e stablishing dwells, multipl e scan strategi e s may be determin e d having multipl e 

configuration possibiliti e s for on e or mor e receiver(s). That is, there may be more than 
on e scan solution for a giv e n s e t of e mitt e rs, and th e r e may be mor e than on e hardwar e 
configuration that m ee ts e ach scan solution's r e quirem e nts. According to on e asp e ct of 
th e inv e ntion, a m e thod is provid e d for solving th e combinational probl e m for configuring 

25 receiver hardwar e wh e r e more than one po s sibl e scan solution exists. 

Problems also exist in determining a solution for d e t e cting multipl e emitters 

involving satisfying th e scanning requir e m e nts for each e mitter and det e rmining an ov e rall 
solution. In particular, th e det e ction s yst e m e stablish e s, for e ach e mitt e r, at what tim e and 
what rang e the signal produc e d by th e e mitt e r should b e interc e pt e d. Also, th e sy s t e m 

30 must d e t e rmine how fast to sampl e the incoming signal to achi e v e an acc e ptabl e int e rc e pt 
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time. B e caus e th e solution for multipl e emitt e rs is a complex problem, a syst e m that has 
flexibility in prioritizing and handling th e d e t e ction of multipl e e mitt e rs is preferabl e . 

According to on e asp e ct of th e inv e ntion, a rul e bas e d syst e m is provid e d for 

determining how e mitt e rs should b e d e t e ct e d by a d e t e ction system ( e .g., d e t e ction syst e m 
5 201). According to on e e mbodim e nt of th e inv e ntion, rul e s ar e associat e d with particular 
e mitt e rs which determine how signals gen e rat e d by corr e sponding emitt e rs ar e d e t e cted by 
th e d e tection syst e m. For instanc e , rules may bo used to prioritiz e certain e mitt e rs with 
r e sp e ct to other e mitters and, bas e d on th e s e rul e s, an operator of th e syst e m may 
d e t e rmine a solution to th e scanning problem. 

10 In on e embodim e nt, th e r e may b e param e t e rs that may b e associated with an 

emittor of interest that affects if and/or how th e e mitt e r is d e t e ct e d. Th e se param e t e rs 
define generally how e ach rule operates. In one embodim e nt of the invention, an interc e pt 
rule may be d e fin e d per emitter mod e , the rule d e t e rmining, for e xampl e , at what 
minimum range th e e mitt e r ne e ds to be d e t e cted, the allow e d probability of intercept of th e 

15 emitter, the amount of time allowed to obs e rv e an e mitter prior to detection, e tc. 

According to anoth e r embodim e nt, this may b e e xpand e d to allow several rules p e r e mitt e r 
mode, and to allow for automatic selection of the most appropriate rule giv e n a resolution 
criterion ( e .g., most stringent rule, least string e nt rul e , ignor e particular rules, etc.). 
As discuss e d abov e , Figure 3 show s a flow chart for det e rmining a scan solution 

20 for emitters of int e r e st. The first st e p of this proc e ss databas e d e t e rmin e an emitter of th e 
e mitt e rs of int e r e st for which a solution is d e t e rmin e d. For e ach e mitt e r and emitt e r mod e , 
a singl e s e t of det e ction rul e s may b e defined (e.g., by a user or operator). One or more 
d e t e ction rul e s may b e stor e d in th e emitter databas e ( e .g., in an information matrix) and 
one or more rul e s may b e associat e d with an emitt e r e ntry. 

25 According to on e e mbodim e nt of th e inv e ntion, a d e t e ction rul e may b e cr e ated 

that includ es on e or mor e of th e following paramet e rs: 

• — Probability of Interc e pt (Pd). This defin e s the probability or confidence that th e 
signal will b e d e t e ct e d within th e d e sired tim e p e riod, e xpr e ss e d in a number of scan 
p e riods ("paints") or clock tim e . 
30 • — Turn - on Range. Maximum range from the rec e iver at which the signal b e comes 
inter e sting to the receiver. 
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• — Detect by Range. Minimum rang e by which detection is requir e d to hav e occurr e d at 
least once. 

• — Tolerance. Enumerat e d type to s e l e ct obs e rvation time as tim e of flight b e tween turn 
on and d e tect by ranges; numb e r of scan p e riods; tim e ; or the larg e r of time/scan 
5 p e riods. 

♦ — Tolerance Direction. Indicat e s wh e th e r a tol e rance is applied prior to or following 
th e det e ct by rang e . 

• — Scan P e riods. Indicat e s th e numb e r of e mitter "paints" or illumination s that ar e 

allow e d for observation prior to d e t e ction. 
10 • — Time. Indicat e s th e amount of time allowed for observation prior to d e t e ction. 

• — Cumulative Pd flag. Enables Cumulativ e Pd logic. This logic basically accounts for 

any signal amplitud e chang e as range changes from turn on to detect by ±tolerance. 

Amplitud e may b e consider e d con s tant as comput e d at turn on range wh e n th e flag is 

fal s e. 

15 Th e s e parameters may be us e d to establish th e g e ometry betwe e n the receiv e r and 

the emitter, and ultimat e ly compute the r e quired r e visit tim e for each d e tection m e thod of 
th e r e c e iver. Multipl e s e ts of det e ction rule s may b e us e d, because an op e rator may have 
diff e r e nt sc e narios in mind. For e xampl e , six s e ts of rul e s may b e support e d. Th e limit of 
the numb e r of allow e d rul e s e ts may b e s e t by human factors. The operator does not have 

20 to populat e all six s e ts, but may choos e to populat e s e ts on e through six, in any ord e r. To 
support th e multipl e rul e s, two additional param e t e rs may b e add e d to the database per 
e mitt e r, e mitt e r mod e definition: 

• — Chos e n Rul e . This param e ter allows the op e rator to pick a particular d e t e ction rule 
25 set, and allows a d e t e ction syst e m ( e .g., syst e m 201) to re s olv e a s olution across th e 

d e tecti o n rules. Th e r e fore, an operator has th e flexibility to choose c e rtain rules to b e 
us e d for a particular emitt e r. 
• — Cro ss Rule Relation. This param e t e r allows th e op e rator to guid e th e d e t e ction 
system to the appropriate rul e : 

30 

e — Do not scan for the emitter mod e at all (ov e rrid e s all det e ction rules). 

e — As s ign a minimum cost, d e fault r e visit time (ov e rrid e s all d e tection rul e s). 
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e — Evaluat e all populated rul e s, and s e lect th e mo s t difficult across th e detection 
methods. 

e — Evaluate all populat e d rules, and select th e l e ast difficult across the det e ction 
m e thods. 

5 

Giv e n a s e t of data (th e s e t r e f e rred to h e reinafter as "DATA") sp e cifi e d by a 

matrix of e mitter param e t e rs (e.g., the information matrix) including multipl e int e rc e pt 
rul e s, on e e xampl e m e thod for evaluating th e d e t e ction rul e s e ts may b e p e rform e d as 
follows: 

10 

6. — Loop on each row ( e mitt e r) in s e t DATA. 

7. If the value of the Cross Rule Relation paramet e r indicates "Do Not Scan", skip 
processing of this emitter. 

15 

& — If th e valu e of th e Cross Rul e R e lation parameter indicat e s "Default", then assign 
d e fault parameters. 

9-. — If th e value of the Chosen Rule param e t e r indicates a specific d e t e ction rule set, 
proc e ss the select e d rul e set for the e mitter. 

20 

10. Otherwise, th e r e are multipl e d e t e ction rul e s e ts to e valuat e the row: 

etz — For e ach populat e d d e t e ction rul e s e t, r e plicat e th e e mitt e r row and proc e ss th e 
rule sot for th e n e w row. 

25 

b-. — For e ach r e plicat e d row, assign a common id e ntifi e r ( e .g., a tracking ind e x) to 
identify the replicated data sot. 



30 



Compute th e information matrix for DATA, including th e replicat e d rows. This 
will result in th e computation of Revisit Time (RVT) for e ach receiv e r detection 
m e thod for each row (original and r e plicat e d). 
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4-, — Using th e common identifi e r ( e .g., th e tracking ind e x), id e ntify th e uniqu e sets of 
RVT data that r es ulted from th e multipl e rul e s et s . This data can b e visualized as 
a matrix of RVT valu e s, wh e r e e ach column r e pres e nt s a d e tecting m e thod, and 
e ach row r e pr e sents the e mitt e r e valuat e d for each rul e . The data may bo 
consolidat e d into a single s e t of RVTs based on th e Cross Rul e R e lation selection 
(Most or L e ast Difficult) using the following proc e dur e : 

* If "Least Difficult" selected, then 

±-. — Ignore rows with all zero valu e s (i. e ., no d e t e ction using such rul e s 
possibl e ). 

3t — If there ar e rows with all non zero valu e s, s e l e ct th e s e . Oth e rwise us e 

all remaining rows. 
^ — Loop through th e columns in incr e asing s e nsitivity order. 

a, — Id e ntify the row with a uniqu e maximum RVT value. If found, this 

is th e row with the easiest s olution. 
& — If all columns ar e ch e cked and th e no uniqu e maximum is found, 
s el e ct th e first row found on th e last "pass" as th e l e ast difficult 
solution. 

If "Most Difficult" selected, then 

— Ignor e rows with all zero valu e s (i.e., no detection using such rul e s 
possibl e ). 

2t — If there are rows with all non z e ro valu e s, s e lect th e s e . Oth e rwise us e 

all r e maining rows. 
3^ — Loop through th e columns in incr e asing s e nsitivity ord e r. 

Br. — Id e ntify th e row with a uniqu e non z e ro minimum RVT value. If 
found, this is the row with th e most difficult solution. 

b. If all columns ar e ch e ck e d and th e no unique minimum is found, 
select the first row found on th e last "pass" as th e most difficult 
solution. 



-25- 



iii. Insert the selected RVT data into the information matrix, replacing the data 
of one of the elements of the common tracking index set, and deleting the 
remaining replicated data of the tracking index set. 

In this manner, rules may be used by an operator to control how the system 
prioritizes and monitors emitters of interest. That is, the operator is provided the 
capability of determining which emitters and in what priority these emitters are detected. 
These rules may also used by a detection system to automatically prioritize emitters when 
determining a scan solution. 

Multiple Hardware Configuration Evaluation 

As discussed above, a system according to one embodiment of the invention may 
be capable of determining more than one scan solution to satisfy a given set of emitters. 
Similarly, there may be multiple hardware settings that satisfy a given dwell solution. 

In conventional systems, there is typically one hardware configuration appropriate 
for signal sampling. According to one embodiment of the invention, a system may be 
provided (e.g., system 215) that allows an operator to set alternate sampling configurations 
which provide equivalent representations of the intercepted signal. Thus, in one 
embodiment of the invention, representations of multiple hardware (HW) configurations 
per emitter mode may be used, and the most appropriate hardware configuration for the 
intercepting dwell may be selected. In one embodiment, configurations may be created 
and stored in the emitter database (e.g., information matrix) where they can be used later 
in determining an optimum dwell set. 

According to one embodiment, the system may define one set of hardware settings 
for a particular receiver. This capability may be expanded, for example, to multiple sets of 
hardware settings. This additional capability may be useful, for example, for allowing the 
operator to define and make a final selection from the multiple sets of hardware settings 
that satisfy the dwell solution. For instance, different emitters may demand conflicting 
hardware settings, and allowing an operator to choose among multiple configurations can 
avoid such hardware conflicts. Conflicts may, for example, be flagged by the detection 
system as errors. However, because the detection system is capable of determining 
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multiple set of hardware settings to choose from, the possibility that a conflict exists is less 
likely to occur. 

Optionally, the detection system may be configured to present and/or select from 
multiple hardware configurations that do not have conflicts. For example, a cost may be 

5 associated with each hardware configuration, and the most appropriate configuration may 
be selected based on its comparative cost with other hardware configurations. Other ways 
of selecting optimum hardware configurations may be used, and the invention is not 
limited to any particular selection method. For example, the configuration that requires 
the smallest dwell duration may be preferred over other configuratives. 

10 A hardware configuration may include various hardware controls that are 

configured to operate the receiver hardware. These controls may include, for example, a 
set of controls referred hereinafter to as discrete controls. Examples of discrete controls 
may include: 

15 • POP Control. A boolean value that enables/disables hardware receiver function. 

• Chop Control. An enumerated value that allows the operator to choose among 
discrete values for "chopping" the incoming signal as well as disabling the chop 
control. This control allows the operator to chop the incoming signal into pulses. 

20 There may be, for example, sets of other controls that correspond to filtering 

operations that affect how a pulse train of the received emitter signal may be perceived by 
upstream receiver components (e.g., software used to analyze the received pulse train). 
The operator may wish to control how the received signal is processed by these upstream 
components. A set of controls referred to hereinafter as range controls may be provided 

25 and this control capability may include, for example, one or more of the following 
controls: 

• Doppler Trigger Count (min/max values). Upper and lower bounds of acceptable 
pulse counts which may trigger doppler processing. 

30 • Pulse Grouping Interval (min/max values). Upper and lower bounds of acceptable 
pulse interval timing that allow correct pulse repetition interval (PRI) measurements. 
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As discussed above in creation and evaluation of multiple intercept rules, the 
emitter database 210 is expanded to allow multiple sets of rules per emitter data element, 
and the operator may populate one or more of the sets with rules. Likewise, multiple 
hardware configuration settings (e.g., may be defined and stored by the detection system 
in emitter database 210 used to determine the optimum hardware solution. 

Determining Conflicts 

To understand how conflicts occur, it is necessary to understand how the emitter 
signals are observed and processed. For example, in the N x M information matrix 
discussed above, MDT for an emitter may be defined minimally as one Pulse Repetition 
Interval (PRI), and EDT may be defined as N*PRI of the signal represented in a row. This 
signifies that the detection system executes the dwell every RVT, and "sits" there for a 
period of the MDT to observe one pulse. If nothing is detected, the system moves onto the 
next dwell in the sequence and "sits" for a period of MDT. However, if pulse activity is 
detected, then the dwell extends observation of the signal up to EDT to collect the desired 
number of pulses (N). N may be chosen based on signal processing considerations, and 
may range, for example, between 3 and 20 pulses, although other minimum and maximum 
values may be used. Considerations for determining the minimum number of pulses 
include averaging measurements made on each pulse; the maximum number of pulses may 
define the volume of data required to analyze the signal, as necessary. 

As discussed above, the MDT may be minimally one PRI, but there are exceptions 
that may alter this relation. Therefore, there are multiple pairs of MDT/EDT, and these 
pairs of MDT/EDT are driven by multiple pairs of "Pulse Sort Sets" 
PD_Trigger/Intra_Group ranges, respectively. These ranges provide a set of valid signal 
conditioning options that may be selected for the dwell to process the signal correctly. 
Pulses may be transmitted in groups, and the receiver would like to define PRI as the time 
from "first pulse in group" to next "first pulse in group" to make signal processing easier. 

The Intra Group parameter shown in Figure 7 defines the "PRI" range over which 
pulses may be grouped; the PD_Trigger parameter defines the expected number of pulses 
in a group. Particular values selected for these ranges may alter the corresponding values 
of MDT/EDT. Problems arise when "real" PRIs of one emitter fall into the grouping 
range of another. In that case, the trigger count may be exceeded. The receiver may be 
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configured to recognize this and may modify the grouping logic, but depending on 
implementation, may need to collect an additional PD _Triggers worth of pulses. In this 
case, MDT actually may represent the time it takes for the detection system to collect an 
additional batch of pulses. 
5 As shown in Figure 8, "Pulse Sort Sets" are used to condition the pulse train for 

signal processing, particularly with respect to pulse-grouped signals. The consequence of 
this, however, is that it is possible for pulse sort values to satisfy one emitter and conflict 
with another. Hence, multiple hardware configurations may be supported. The settings 
that satisfy all or most of the signals may be selected (e.g., by the detection system or 
10 alternatively by the operator). The detection system may also display an error if not 
emitters all can be satisfied. Multiple Pulse Sort Sets lead to corresponding MDT/EDT 
sets, the effect of the Pulse Sort Sets may cause more pulses to be collected per dwell. 

The following are several examples illustrating how conflicts can arise and be 
detected by a detection system: 

15 

Examples 

The POP Boolean control is either on or off, so conflicts are handled by sorting 
dwells around the conflict, or if that is not possible, flagging the conflict. 
This is illustrated by the following example: 

20 

Emitter #1 Frequency range: 1500- 2000 MHz, POP On (normal case). Emitter #2 
Frequency range: 2050- 2550 MHz. POP Off (for some receivers, this is required for AM 
pulses, since the assumption of "square" pulses is not true, and may cause multiple 
encoding if POP is left enabled). 

25 Assume a detecting bandwidth of 1000MHz and 250 MHz. Any solution that 

attempts to include the emitters in the same dwell will cause a conflict to be detected. 
Such solutions are not favored by the dwell placement methods described below, which 
should find at least two 1000MHz dwells at bandwidths 1000-2000 and 2050-3050. These 
two dwells avoid the conflict. If there is no gap between the dwells, or if additional 

30 conflict exists, then the 1000MHz dwell may not be allowed. 

For instance, expanding on the previous example, add an Emitter #3 with Pop On 
and a frequency range 1000-1450MHz. There is no 1000MHz emitter, so therefore their 
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may be a conflict-free solution to cover emitter #2, so one viable solution would include 
creating a dwell at bandwidth 450-1450, another at 2050-3050 and a pair of 250 MHz 
dwells to cover emitter #2, at bandwidths 1 500-1 750, 1 750-2000. 

Therefore, for the Boolean conflict discussed above, the process will end up 
5 finding any "gaps" between the conflicts and attempts to build dwells above and below the 
gaps to separate the emitters. This cannot be done in every case, and certainly cannot be 
done if the conflicting emitters overlap in frequency. 

If the conflict cannot be avoided, the conflict may be recorded for the operator, 
since it might be possible to alter the emitter representation. If the operator cannot alter 
10 the representation, then the dwell solution will be redundant in the overlap range, with at 
least one dwell each tailored to solve the conflict. Building on the previous example, 
assume emitter #2 was identical to emitter #1 1500-2000, but POP is still off, and there is 
no emitter #3. Then two 1500-2500MHz dwells are created, one with POP on and one 
with POP off, and an error is logged. A 3 rd dwell is still needed to cover emitter #1 . 
15 Chop is an enumerated type of short, long and "don't care". If all emitters are 

"don't care" then the default value, usually short, is assigned. The expectation is that most 
emitters are "don't care", so selection of a value other than the default is driven by the 
"rare" emitter that wants "long" or "short". If there is a conflict between "short" and 
"long", then the problem is very much like the Boolean POP case, and is solved the same 
20 way: use bandwidths that best isolate the conflicts, and in the absence of being able to do 
that, create redundant dwells for the conflicting region and log the problem. 

For Doppler_Trigger and Pulse Grouping, the situation has more options. Each of 
these has an acceptable min/max range from which a value can be picked. In addition, 
additional sets of values can be assigned in the database by the operator (e.g., a total of six 
25 sets). The system selects a value for each of these fields that satisfies one of the six sets, 
favoring the minimum values. Referring below to the following example in Table 1 : 
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In this example, only one set per emitter is defined. The assigned values for the 
dwell is 3 and 40 Msec, since these are the minimum values that satisfy both emitters. Now 
refer to the following example below in Table 2: 



Emitter 


Set#l 


Set#2 


Doppler 
Min 


Doppler 
Max 


Pulse 
Group 
Min 


Pulse 
Group 
Max 


Doppler 
Min 


Doppler 
Max 


Pulse 
Group 
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Pulse 
Group 
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Emitter #1 


2 


12 


20 Msec 


50 pisec 


16 


20 


20 Msec 


50 psec 


Emitter #2 


14 


20 


40 jisec 


100 Msec 


22 


25 


60 ixsec 


75 Msec 



5 Table 2 

In the example in Table 2, the numbers are assigned such that there is not overlap 
within a set. In this case, the values 16 and 40 Msec satisfy emitter #1, set #2 and Emitter 
#2, Set #1. These dwell parameters imply that pulse trains with repetition intervals of less 

10 than 40 Msec are considered pulse grouped, and it may take 16 pulses to recognize a 
Doppler signal. This is acceptable relative to the database, because this is entered as a 
valid option. If emitter #1 was by itself, then these numbers could have been reduced to 
20 Msec & 2. If there is more than one viable solution, the one that requires the fewest 
pulses and therefore requires the smallest dwell duration is selected. 

15 If however, no overlap can be found among the hardware configurations, then the 

solution may be pushed by the improved dwell placement methods described above to find 
any frequency "gaps" to exploit. Barring this situation, redundant, overlapped dwells are 
generated to provide coverage and the conflict is logged for the overlapped region/dwells. 
One difference here is that the selected values are the ones that satisfy the most emitters. 

20 For example, if there are 10 emitters and a single set of values for a dwell can satisfy 9 of 
the 10 emitters, that set of dwell parameters is selected, and a separate dwell is built for the 
10 th , "oddball" emitter. 

Hardware Control Evaluation 

25 When a dwell is hypothesized for a given frequency range, the emitters within the 

range to be processed by the dwell may be examined to establish the HW parameters for 
the dwell and detect and resolve conflicts. This may be done, for example, in parameter 
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"flexibility" order, beginning with the most flexible parameters, which are the range 
controls discussed above. 

The dwell is assigned a single value of Trigger Count and a single value of 
Grouping Interval. The selected value lies within the range of at least set of the emitter to 
5 satisfy the emitter. In addition, the Trigger Count and Group Interval are "coupled", 

meaning that both parameters of the set bracket the selected values to "count". A conflict 
exists if the selected values do not satisfy any set of at least one emitter. The selected 
values are the minimum values that satisfy all emitters, or the preponderance of satisfied 
emitters. An example is illustrated in Figure [[2A]] 9, where "X" indicates selected dwell 
10 values. In the example shown, three sets of range control parameters are shown, and 
dwells are selected that satisfy all emitters. 

Next the discrete controls may be set using the emitters that are satisfied by the 
range control selection. Emitters that are indicated as "don't care" for a given parameter 
do not contribute to that parameter's selection. Again, the parameter is set to the value 
15 that satisfies the preponderance of the emitters. If all emitters indicate "don't care" for a 
parameter, then the value is set to a predetermined default value. 

An indication of the number of controls experiencing conflicts is kept. If the dwell 
is kept as part of the scan strategy, the number of unresolved conflicts is taken into 
account in selection of the most appropriate scan strategy (e.g., the one with the fewest 
20 conflicts, then the lowest cost). 

The selection process begins by trying to resolve Doppler Count/ Pulse Group set 
first for the preponderance (if not all) of the emitters in the dwell. Mechanically, this may 
be accomplished by the following example: 

25 1. Placing each of the sets into a single seven-column matrix, whose seven columns are 
Doppler min/max and Pulse Count min/max, MDT, EDT and emitter ID, respectively. 
The Emitter ID field allows the tracking of the multiple to the emitter "owner" of the 
set. A vector of unique ID values is saved in the matrix referred to as "ID". 
2. Any rows that have unpopulated sets are discarded from the matrix. These are the 

30 ones that have zero values in the Doppler/Pulse Group columns. The matrix is now an 

N row by 7 column matrix. 



-32- 

3. Evaluate each Doppler Min (column 1) for containment in each range Doppler min< 
Doppler Min < Doppler Max, creating a NxN matrix of Boolean solutions. Because 
Doppler Min will always "pass" its own range, the matrix diagonal contains a value of 
1 . (Note that if all the other matrix values are zero, PD ranges have no intersection). 

5 This may be referred to as the "I" matrix. 

4. Create a NxN matrix, which replicates the Emitter ID field across each row (column 7 
of the ID matrix created in step 1). Multiply this matrix by the "I" matrix. The 
effectively replaces the "l"s in matrix I with the corresponding ID numbers. Reassign 
this resulting matrix to the "I" matrix. 

10 5. Loop on each element in the ID vector and test for ID[k] = I. This creates k NxN 

Boolean arrays. Visualize this as a 3-D array, with NxN being the x-y plane and k is 
the z-axis. 

6. OR the 3-D array across the x-axis. This results in a Boolean array of dimensions 
Nxk. Perform a sum across the columns, creating an N element vector. Each element 

15 is the count of emitters the Nth Doppler min/max range solves for. 

7. Identify the position(s) in the N element vector that has the largest count. This 
identifies the row(s) of the multiple column matrix of step 2 that solve Doppler count 
best. If the "largest count" is not unique in the vector, then select the Doppler count 
value that is mapped to the smallest MDT value (i.e., basically, sort on column 5). 

20 8. Now solve for Pulse Group Interval: 

a. Given the Doppler Count solution of step 7, reduce the 7-column matrix of step 
2 to the rows that satisfy Doppler min< Doppler Count < Doppler Max. This 
may return all or a subset of the matrix. 

b. Repeat steps 3-7, but extract Pulse Group Interval rather than Doppler Count. 
25 9. Now assign MDT & EDT: 

a. Create another "I" matrix as in step 3 above, which satisfies the selected 
Doppler Count and Pulse Group Interval by evaluating [Doppler min< Doppler 
Count < Doppler Max] AND [Pulse Group min< Pulse Group < Pulse Group 
Max]. Log a conflict if any ID is not satisfied by this selection. This may be 

30 performed, for example, by incrementing a global counter that tracks conflicts 

(e.g., a "Doppler/Pulse Count conflict counter"). 

b. Perform steps 4-6 on this "I" matrix. 
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c. Perform step 7 above, but inspect the "I" matrix for an MDT/EDT entry that 
corresponds to the "largest count". If the "largest count" is not unique, then 
MDT and EDT may be set to the largest values in the solution set. 

5 Step 8 determines the emitters to be solved for, step 9 establishes, MDT and EDT. 

The emitter list is then tested for compatible POP and Chop values. The POP and Chop 
values are set to the values that satisfy the most emitters in the set, and any conflicting 
emitters are dropped from the set. Dwells for these emitters will be build on a subsequent 
pass. Again, global conflict counters are maintained for POP and Chop. 

10 As discussed above, cost may be used to determine the most appropriate scan 

strategy. A cost may include, for example, overall evaluation of the dwell solution. At the 
start of the process, the global conflict counters are zeroed out. As each dwell is built, 
dwell parameters, and increments the counters as conflicts are encountered. At the 
completion of each candidate scan table, the cost of dwell execution (Sum of Dwell 

15 durations/Revisit times;) and total number of conflicts is compared to the results of the 
prior scan table build pass, and the one with the lesser conflicts is kept as the solution. If 
the number of conflicts is equal, then the lesser-cost solution is kept. The latter may be the 
typical case, if solutions exist around potential conflicts. 



20 Real Antenna Data Option 

A detection system that detects one or more emitters may use antenna data that 
describes the characteristics of various antennas used by such emitters. This data is then 
used by a detection system to identify and classify emitters encountered in the field. 
Conventionally, antenna measurements are performed which yield such data in a facility 

25 referred to in the art as an antenna range. An antenna range is generally an elaborate and a 
costly facility (e.g., an antenna range, anechoic chamber, etc.) that isolates an antenna 
from external energies (e.g., range clutter) and allows for the measurement of antenna 
characteristics such as beam width, gain, sidelobe levels, and polarization of antennas or 
antenna subsystems over a particular frequency range. A detection system that uses such 

30 data is limited by the number and type of antennas defined to the detection system, and is 
limited in identifying antennas that are unknown or are undefined to the detection system. 
Further, it is realized that static antenna characteristics measured using conventional 
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methods do not adequately define all antennas, even of the same type. For instance, two 
antennas of the same type may have different antenna characteristics which may cause 
them to be seen by a detection system as different antenna types. 

According to one aspect of the invention, it is realized that it would be beneficial to 
5 use antenna characteristics measured by the detection system to model antennas. Because 
antenna models can be "learned" and used by the detection system to detect those 
antennas, the detection system capabilities are increased. 

Also, because actual data from antennas measured in the field can be used by the 
detection system, the detection system may be more accurate as a result. It is realized that 

10 conventional databases of antenna models contain coarse data that describes a particular 
model, and therefore the detection system is limited to using this coarse data to detect 
emitters. More particularly, in conventional detection systems, models are empirically 
defined using data supplied by conventional sources (e.g., the RAND Corporation) and a 
portion of the data that describes these models is estimated. However, in a system that can 

15 observe antenna characteristics in the field, the detection system is not limited to coarse 
data provided by a static antenna model; the detection system is capable of determining 
more accurate models for modeling antennas. For example, measured data may yield 
models that more accurately determine the curvature of an antenna lobe pattern. 

A set of models may be used to compute antenna characteristics as a function of 

20 frequency, gain, power, beam width, scan and polarization. Thus, actual antenna gain 
versus azimuth may be observed by the detection system (e.g., detection system 201) for 
several polarizations, and this data may be reduced for antenna modeling purposes. 

The emitter database may include a field that allows the specification of a location 
where "real" antenna data can be found for the emitter. If a location is specified, the 

25 "real" antenna data may be accessed and used instead of the internal antenna model. The 
antenna data may be one file for several emitter modes, or a unique antenna file per mode. 
If data cannot be found or is invalid, an error may be logged by the detection system and 
the internal antenna model is used. If data is found, then illumination times may be 
determined directly from the real antenna data. 

30 For example, given a set of data specified by a matrix of emitter parameters 

(referred to hereinafter in the example below as "DATA"), each row representing an 
emitter, emitter/mode and set of real data (referred to hereinafter in the example below as 
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"RealData"), specified by actual antenna data (e.g., amplitude (dBm) vs time for one or 
more polarizations, representing at least one scan period), an example method for 
determining illumination times may be performed as follows (e.g., when computing RVT 
for the Nth emitter in DATA): 

1 . If the emitter indicates that RealData is available, access the real antenna data file. 

2. If the file does not exist or has invalid data, log an error and resume with the internal 
antenna model. 

3. Otherwise, proceed to access and process RealData. 

a. The file may contain up to four polarization curves: Horizontal, Vertical, LHC 
and RHC. Select Horizontal (H) & Vertical (V) if both valid, or Left Hand 
Circular (LHC) & Right Hand Circular (RHC) if both valid. Otherwise, select 
the first valid polarization found. 

b. Adjust amplitudes of each valid polarization for frequency dispersion due to 
the delta between the frequency of the data and desired frequency of the 
emitter. 

c. Apply receive antenna polarization loss model to RealData. 

d. If there is more than one polarization, merge the polarization data as the larger 
value for each time point. 

e. Interpolate any missing amplitude points versus time. 

4. RealData now includes time versus amplitude data. Adjust amplitude for the range 
dispersion loss. 

5. For each detection method to be evaluated: 
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a. Screen out amplitude points below the method's sensitivity. 

b. Cross-correlate the extended dwell time (EDT) with the data to determine the 
unique illumination times (TIB) of the data. This basically "slides" an EDT 
rectangle cross the data in time, recording time above the method's sensitivity 
level. Each illumination time represents a unique intercept opportunity of 
sufficient duration to constitute a potential detection. An example shown in 
Figures 10A-10B shows TIB extraction for two different sensitivity levels that 
yield two different sets of discrete illuminations (TIBs) to be detected. Time is 
measured at or above a particular sensitivity level, as data below the sensitivity 
level are ignored. 

c. Scale TIBs to the ratio of recorded scan period to the desired emitter scan 
period. 

d. Compute RVT for the detection method (e.g., via the multi-valued illumination 
time RVT calculation discussed above). 

It should be appreciated that other methods may be used to measure and process 
real data from one or more emitters, and the invention is not limited to any particular 
method. In this way, the system may use more accurate information that can be measured 
from real emitters, if that data is available. If real data is not available the detection 
system may use empirical data provided by one or more sources. 

Jammer Compatibility 

In one embodiment of the invention, a detection system (e.g., system 201) may 
operate in a manner cognizant of on-board active jammers (e.g., Electronic Countermea- 
sures (ECM) systems) for jamming or misleading enemy weapons, communications, or 
radar. More specifically, the detection system may take into account the operation of one 
or more jammers when determining a scan strategy and may optimize jammer band and 
intercept band performance as a result. Conventionally, jammers and detection system 
hardware operate independently, and therefore, when an active jammer is operated, a 
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detection system configured to detect emitters within or in proximity of the frequency 
band in which the active jammer operates produces a false indication of a threat. Further, 
because operation of the jammer does not take into account the intercept requirements of 
the detection system and therefore the detection system cannot perform detecting functions 
5 in the same frequency bands that the jammer is operating, there is no capability to both 
detect and jam in the same frequency range. 

In a detection system (e.g., system [[201]] 101 ) that determines an optimum scan 
strategy, it may be beneficial to take into account operation of a jammer, and determine an 
alternate scan strategy accordingly. It is realized that when a jammer is on, the jammer 

10 signal affects the frequency band in which it transmits, and adjacent bands in which 

harmonics are produced by the jammer signal. Also, it is realized that for a jammer to be 
effective, it should be operating as continuously as possible, so that it can reduce the 
possibility that the vehicle in which the detection system exists cannot be detected by a 
threat that produces an emitter signal to be "jammed." Thus, it is a goal to minimize the 

15 amount of time the jammer is off. However, this goal competes with the need for a 
receiver to operate in the frequency bands affected by the jammer signal, such that the 
detection system can detect the threat. Therefore, a detection system is provided to 
balance the needs of an active jammer to operate effectively, yet allow a receiver to 
operate within a band affected by the jammer signal. According to one embodiment, scan 

20 strategies are determined for both jamming and non-jam situations. 

To provide this capability, the detection system may be provided several additional 
inputs in addition to the emitters to be detected. In particular, this input information 
defines which bands are affected by the operation of one or more active jammers. For 
example, additional inputs to be used in performing this task include a Jammer Blanking 

25 Table, and a Receiver Blanking Table as discussed in more detail below. The capability to 
generate "dry" (no jam) and "wet" (jamming) scan strategies for an emitter set may be 
supported, with separate intercept rules for each. 

A detection system may be switched between "Normal" and "Jammer" modes. 
When "Jammer" is selected, the following processing changes may be performed: 

30 

Information Matrix Computation Changes: 
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• One of the six multiple intercept rules of the database is interpreted as containing 
jamming mode intercept rules (referred to hereinafter as "Jamming Mode Intercept 
Rules") that determine how emitters affected by the active jammer should be 
processed when jamming is enabled. By evaluating these Jamming Mode Intercept 

5 Rules, a scan strategy different from the "dry" (no jam) strategy using the same 

emitters may be determined. 

• A subset of the emitters in the data is identified as the signals to be targeted by the 
jammer(s). This, for example, may be operator input. This subset has corresponding 
Revisit Times (RVT) computed using the Jamming Mode Intercept rules. 

10 • When establishing minimum Dwell Duration (MDT), for an emitter, a fraction of the 
maximum Pulse Repetition Interval (PRI) may be assigned for jammer candidates, 
while the max PRI is assigned to the remaining emitters. A lower bound can be 
imposed to ensure that MDT is not too small. The goal of a small MDT is to deny the 
jamming candidates consecutive pulses when the jamming is dropped for a receiver 

15 "look". 

• To compensate for the fractional MDT's affect on Intercept Performance, the RVT of 
the jammer candidates may be scaled by MDT^-maxPRI, with the ratio limited to 1 .0. 

These changes allow for computation of dwell parameters for jammer candidates 
20 separately, assign a sub-PRI Dwell Duration, and still maintain a probability of intercept 
consistent with the Jammer Mode Rules. 
Extract Scan Strategy Changes: 

• When in Jammer mode, a Receiver Blanking Table and a Jammer Blanking Table are 
processed. These tables map the frequency ranges to band index numbers, and define 

25 which bands are simultaneously affected by a jammer active in a single band. Two 

tables are used because the jamming system (e.g., jammer processor 207) and 
receiving system (e.g., receiver processor 206) may have different frequency band 
definitions (e.g., the effects of signals in adjacent bands (coupling) may be different 
between the two systems). 

30 • When processing a frequency range, the emitters within the range are compared to the 
Receiver Blanking Table. The jamming candidates are identified for the range. If any 
emitters are present within the range, or if the Receiver Blanking Table indicates that 
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there adjacent candidates that affect the range, then the minimum MDT (referred to as 
"JAMMDT") of all the related candidates is returned and is used as the MDT solution 
of the frequency range, replacing the MDT of each emitter. Similarly, the RVT of 
each updated emitter is scaled by JAMMDT divided by the original MDT. Once the 
dwells are built, this allows the jamming in the common bands to be paused for the 
common minimum time while the receiver "looks" for the signal(s). 

• With the input data now conditioned for the affects of the jamming candidates, the 
optimum set of dwells may be built. 

• The Jammer Blanking Table may be used to map each dwell affected by the jamming 
to the jammer bands to exert "look" control. This allows the receiver to blank multiple 
jammer bands for the dwell's "look" time. 

• If a receiver frequency range is found to be free of a jammer assignment, then its 
dwells are built and assigned normally. 

In this manner, the detection system may take into account the operation of active 
Jammers when computing a scan strategy. 

Dwell Placement 

As mentioned above, once the information matrix including the emitters of interest 
is computed, a scan strategy may be extracted from the information matrix. The scan 
strategy is defined by one or more dwells and describes how the receiver's resources may 
be utilized. It is desirable for the scan strategy to use these resources efficiently and the 
parameters of the dwells which define the scan strategy directly impact the efficiency of 
the scan strategy. A dwell is defined by several parameters. These parameters include the 
frequency range which the dwell is intended to cover, the dwell duration (i.e., the amount 
of time the receiver spends tuned to that frequency range), and a revisit time (i.e., how 
often the dwell is executed). 

Thus, for example, when executing a dwell having a frequency range of 1 100 MHz 
- 1200 MHz, a dwell duration of 10 milliseconds (ms), and a revisit time of 125 ms, the 
receiver will spend 10 ms tuned between 1 100 MHz and 1200 MHz. Revisit time is 
measured from the beginning of the first execution of the dwell to the beginning of the 
next execution of the dwell. After the dwell has completed execution (i.e., after the 10 ms 
dwell duration has expired), 1 15 ms will elapse before the dwell is executed again. An 
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additional dwell parameter is the detecting method. The detecting method of a dwell is the 
IF and VBW filter bandwidth combination. Each detecting method has an associated 
sensitivity. The detecting method affects the frequency range of a dwell, as the dwelPs 
maximum frequency range is limited by the bandwidth of the receiver's IF filter. The 
5 revisit time of the dwell is also dependent on the detecting method as a more sensitive 
detecting method will yield a higher probability of detection. Thus, the more sensitive 
(i.e., smaller bandwidth) detecting method used, the greater the revisit time will be. 

An example of a simple scan strategy for detecting two emitters is shown in Figure 
11. The first emitter, emitter 1, operates in the frequency range of 1000-1200 MHz while 

10 the second emitter, emitter 2, operates in the frequency range of 1300-1400 MHz. For the 
purposes of this example, each dwell is assumed to use the same detecting method and the 
IF filter of the detecting method is assumed to have a bandwidth of 50 MHz. Thus, the 
frequency range of each dwell is limited to 50 MHz. The scan strategy includes eight 
dwells. Dwell 1 has a frequency range of 1000-1050 MHz. Dwell 2 has a frequency 

15 range of 1050-1 100 MHz. Dwell 3 has a frequency range of 1 100-1 150 MHz. Dwell 4 
has a frequency of range of 1 1 50-1200 MHz. Dwell 5 has a frequency range of 1200-1250 
MHz. Dwell 6 has a frequency range of 1250-1300 MHz. Dwell 7 has a frequency range 
of 1300-1350 MHz. Dwell 8 has a frequency range of 1350-1400 MHz. Each of the eight 
dwells has a duration of 25 ms. Because the eight dwells are executed in succession and 

20 the process of executing all eight dwells repeats after Dwell 8 is executed, the revisit time 
of each dwell is 200 ms (8 X 25). Thus, this scan strategy has the effect of sequentially 
stepping through the frequency spectrum from the minimum frequency of the lowest 
frequency emitter (i.e., emitter 1) to the maximum frequency of the highest frequency 
emitter (i.e., emitter 2). 

25 The pulse repetition interval (PRI) of a signal is the time between pulses in the 

signal of an emitter. As shown in Figure 1 1, the PRI of Emitter 1 is 20 ms and the PRI of 
Emitter 2 is 5 ms. Typically, the minimum dwell duration of a dwell is set to the highest 
PRI of the emitters that the dwell is intended to detect. This way, the execution of a dwell 
will not fall in between pulses in the emitters' signals. In the example of Figure 11, 

30 because the highest PRI of emitters is 20 ms, (i.e., the PRI of Emitter 1) the minimum 
dwell duration of the dwells in the scan strategy should be at least 20 ms. 
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While the scan strategy of Figure 1 1 is effective, in that it is capable of detecting 
both Emitter 1 and Emitter 2, it is not an efficient use of the receiver's resources. Because 
there is no emitter to be detected that uses the 1200-1300 MHz range, no emitter will be 
detected by Dwell 5 and Dwell 6. These two emitters illustrate a problem associated with 
5 sequentially scanning the frequency spectrum. This problem is that the receiver spends 
time scanning a portion of the frequency spectrum in which no emitters of interest are 
operating. Thus, the receiver is wasting time scanning this portion of the spectrum that 
could be used to scan portions of the frequency spectrum in which emitters of interest are 
operating. Indeed, Dwell 5 and Dwell 6 could both be removed from the scan strategy 

10 without reducing the likelihood of detecting signals from one of the emitters. 

Dwell 7 and Dwell 8 cover the 1300 MHz - 1400 MHz portion of the frequency 
spectrum. These dwells cover the portion of the frequency spectrum in which Emitter 2 
operates. Removing these dwells from the frequency spectrum may result in failure to 
detect signals from Emitter 2. However, as discussed above, the dwell duration of both 

15 Dwell 7 and Dwell 8 is 25 ms, while the PRI of Emitter 2 is 5 ms. Executing a 25 ms 
dwell to detect an emitter signal with a PRI of 5 ms may waste receiver resources as it 
may not be necessary to wait for 25 ms to detect a pulse from Emitter 2. That is, if the 
dwell duration of Dwells 7 and 8 may be reduced to 5 ms, without the dwell being 
executed between pulses of the signal from Emitter 2. This concept is illustrated more 

20 fully in Figure 12. 

In Figure 12, a signal from Emitter 3101 is shown having a PRI of 20 ms. Solution 
1 shows a dwell in the frequency range of Emitter 3101 having a dwell duration of 10 ms 
and a revisit time of [[30]] 40 ms. The dwell is initially executed at 5 ms. However, 
because the duration is only 10 ms, dwell execution is completed before the next pulse in 

25 the signal of Emitter 3101 . Thus, execution of the dwell falls in between Pulse 1 and 
Pulse 2 of the signal of Emitter 3101. The revisit time of the dwell is 40 ms, thus the 
dwell is "revisited" and again executed at 45 ms. This time the dwell falls in between 
Pulse 3 and Pulse 4 of the signal of Emitter 3101. As can be seen, unless the timing of 
execution of the dwell happens, by chance, to line up with the timing of the pulses of the 

30 signal from the emitter, then it is possible for a dwell, which is otherwise capable of 

detecting the emitter signal, to fall in between pulses of the signal and consequently fail to 
detect the emitter signal. This problem can be solved by increasing the dwell duration. 
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For example, if the minimum dwell duration is as long or longer than the PRI of the 
emitter signal, then the dwell does not fall in between pulses of the signal. 

Solution 2 of Figure 12 shows an alternate solution where the dwell covering the 
frequency range of Emitter 3101 has a duration of 20 ms (i.e., the PRI of Emitter 3101) 
5 and a revisit time of [[30]] 40 ms. The dwell is first executed at 5 ms, however unlike 
solution 1, execution of the dwell is not complete until 25 ms, thus Pulse 2, which occurs 
at 20 ms, is detected, as indicated by the asterisk in Solution 2. After 50 ms, the dwell is 
"revisited" and again executed at 55 ms. This time, Pulse 4 is detected by the dwell, as 
indicted by the asterisk at 60 ms. As can be seen in the example of Figure 12, by 

10 increasing the minimum dwell duration to the maximum possible PRI of the emitter, 

execution of the dwell does not slip in between pulse of the emitter signal. In Solution 2 
of Figure 12, the dwell duration remains the same whether or not a pulse is detected. As 
will be discussed later in greater detail, it should be appreciated that dwell duration may be 
extended if a pulse is detected during that dwell (e.g., to verify the presence and other 

15 characteristics of the emitter signal). It should further be understood that there are, 
however, certain situations in which the duration of a dwell may be lower than the 
maximum possible of PRI of the emitter which the dwell covers. Such a situation may 
occur, for example, when the revisit time of the dwell is short enough that the dwell is 
adequately over-sampled, such that desired probability of detection is not sacrificed. Such 

20 a situation will be discussed in detail below. 

Thus, in the example of Figure 1 1, it can be seen that the efficiency of the scan 
strategy may be improved by eliminating Dwells 5 and 6 which cover a portion of the 
frequency spectrum unused by any of the emitters of interest. The efficiency can further 
be improved by reducing the dwell duration of Dwells 7 and 8 to the maximum possible 

25 PRI of Emitter 2. Additionally, each dwell in the scan strategy of Figure 1 1 uses the same 
detecting method. As discussed above, by using a different detecting method, the 
frequency range of the dwell as well as the revisit time of the dwell may be altered. For 
example, if a more sensitive detecting method were used to create the scan strategy, the 
frequency range of each dwell might be decreased, requiring a greater number of dwells to 

30 cover the entire frequency range of all emitters of interest (assuming that each dwell uses 
the same detecting method). Intuitively, an increased number of dwells results in an 
increased cost, in terms of the receiver's resources. However, a higher sensitivity 
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detecting method may also result in an increased revisit time. The increased revisit time 
reduces the cost of executing a dwell and therefore may offset the cost of the additional 
dwells and reduce the overall cost of the scan strategy. 

For example, consider a simplified information matrix 4000 of Figure 13. The 
5 first column of information matrix shows that there are four emitters of interest: El, E2, 
E3, and E4. Each row of information matrix 4000 contains data about one of the emitters. 
The second and third columns of the information matrix provide information about the 
revisit time for a particular detecting method. For example, the second column provides 
revisit time information for the detecting method of 250 MHz IF/15 MHz VBW. The 

10 third column provides revisit time information for the detecting method 30 MHz IF/15 
MHz VBW. For the purposes of simplicity in this example, only two detecting methods 
are show in information matrix 4000. However, it should be appreciated that any 
reasonable number of detecting methods may be provided in the information matrix. 
Likewise, although there are only four emitters of interest shown in information matrix 

15 4000, any number of emitters of interest, such as one, two, three, or five or more emitters 
may be provided in the information matrix. It should also be understood that information 
matrix 4000 has been simplified for the purposes of this example and the information 
matrix may include more information than is shown in Figure 13. 

In addition to including additional detecting methods and emitters of interest, the 

20 information matrix may also include multiple pulse sort sets that contain information used 
to condition the pulse train for signal processing. Because these pulse sort sets affect 
dwell duration, there may be multiple pairs of minimum dwell duration time (MDT) 
values and extended dwell duration time (EDT) values. As discussed above, the MDT 
value is typically the maximum possible PRI of the emitter. If a pulse is detected during a 

25 dwell, the dwell duration may be extended to collect additional pulses. The more pulses 
that are collected, the longer the EDT of the dwell. The number of pulses that are 
collected is dependent on the information in the pulse sort set. Thus, depending on which 
pulse sort set is used the EDT of the dwell will vary. Thus, for each pulse sort set that is 
provided in the information matrix, they may also be a corresponding MDT/EDT pair. 

30 Returning to the example of Figure 13, the third and fourth columns indicate the 

frequency range in which the emitter operates. For example, emitter El operates between 
1000-1300 MHz and emitter E2 operates between 1220-1350 MHz. The last column of 
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information matrix 4000 is the MDT of El. As mentioned above, the information matrix 
typically contains an MDT/EDT pair. As will be discussed below in greater detail, the 
cost of executing a dwell is based, in part, upon the duration of that dwell. The actual 
duration of the dwell may be, for example, MDT or EDT, depending on whether a pulse 

5 was detected during execution of the dwell. Thus, one may estimate the actual dwell 
duration by assuming that a certain number of MDT dwells and EDT dwells will occur. 
However, for the sake of simplicity, in this example the cost of the dwell will be computed 
using only the MDT of the dwell. 

In one embodiment of the invention, the cost to the receiver of executing a dwell is 

10 measured by the ratio of dwell duration to revisit time. The cost may be computed by the 
equation in Table 3. In the equation of Table 3, c represents the cost to the receiver, 
DDmax represents the highest dwell duration of all emitters covered by the dwell, and 
RVTmin represent the shortest revisit time of all emitters covered by the dwell. 



15 Table 3 



RVT MIN 



For example, suppose that a dwell using Detecting Method 1, 250 MHz IF/15 MHz 
20 VBW, covered both emitters El and E2 of information matrix 4000. The dwell duration 
of emitter El is 3 ms, while the dwell duration of emitter E2 is 5 ms. Because emitter E2 
has a higher dwell duration, the dwell duration of emitter E2 will be used in computing the 
cost. However, because the revisit time of emitter El (100 ms) is shorter than the revisit 
time of emitter E2 (120 ms), the revisit time of emitter El will be used in the cost 
25 computation, as shown in Table 4. Thus, the cost of a dwell that covers both emitters El 
and E2 is .05 or 5%. 
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Table 4 



MAX 



5 



RVT K 



100 



c = 



5 
100 



.05 



Using a more sensitive detecting method (e.g., Detecting Method 2) may decrease 
the cost of the dwell (i.e., by increasing the value of RVTmin- However, using a more 
sensitive detecting method may require the use of more dwells to cover the same portion 
of the frequency spectrum, due to the decreased bandwidths of the IF and VB W filters. 
Thus, it is desirable to reduce the cost of a dwell by increasing the sensitivity of the 
detecting method as much as possible without increasing the number of dwells to the point 
that the cost of the additional dwells outweighs the cost savings of using the more 
sensitive detecting method. Consider, as an example, constructing a scan strategy for 
emitters of information matrix 4000. When one or more dwells have been constructed as 
part of the scan strategy that cover an emitter, that emitter is removed from the 
information matrix. Thus, as the scan strategy is constructed, the number of emitters in 
the information matrix will decrease. First, using the first detecting method in information 
matrix 4000 (i.e., 250 MHz IF/15 MHz VBW detecting method), a dwell is constructed for 
emitter El . The dwell starts at the minimum frequency of emitter El's frequency range 
(i.e., 1000 MHz) and extends upwards to the detecting method's maximum frequency. 
Thus, as shown in Solution 1 of Figure 14 A, which utilizes Detecting Method 1, Dwell 1 
is created which covers the portion of the frequency spectrum from 1000 - 1250 MHz. 
Because the frequency range of Emitter E2 overlaps that of Emitter El, part of the 
frequency range Emitter 2 is also covered by Dwell 1. Thus, this dwell may be used to 
cover part of the frequency range of Emitter El and Emitter E2. As a result, the cost of 
Dwell 1 is the ratio of the maximum dwell duration between Emitter El and Emitter E2 to 
the minimum revisit time of those two emitters. Thus, as shown in Figure 14A, the cost of 
this dwell is 5/100 or .05. 
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Solution 2 illustrates the cost of covering the same frequency range with a higher 
sensitivity detecting method. In Solution 2, Detecting Method 2 (i.e., 30 MHz EF/15 MHz 
VBW) is used to cover the portion of the frequency spectrum ranging from 1000 MHz to 
1270 MHz. Because of the smaller bandwidth of this detecting method, more dwells are 
5 needed to cover the same portion of the frequency spectrum. However, because the revisit 
time associated with the more sensitive detecting method is greater than that of the less 
sensitive detecting method, the cost per dwell is reduced. In Solution 2, Dwells 1-7 cover 
only Emitter El because Emitter E2 does not operate in the frequency range covered by 
Dwells 1-7. Thus, Dwells 1-7 have a DD M ax of 3 ms and a RVTmin of 650 ms. As a 
10 result, the cost of each of Dwells 1-7 is 3/650. However, Dwells 8 and 9 cover both 

Emitter El and Emitter E2, thus the DDmax of these dwells is 5 (i.e., the MDT of Emitter 
E2) and the RVTmin is 650 ms (i.e., the RVT of Emitter El). Thus, the cost of each of 
Dwells 8 and 9 is 5/650. As shown in Table 5, the total cost is 31/650 or approximately 
.048. 

15 

~~ Table 5 




20 Thus, in the example of Figure 14A, the more sensitive detecting method yields a 

lower total cost. However, in some situations the less sensitive detecting method yields a 
lower total cost. For example, Solution 1 of Figure 14B shows a dwell constructed to 
cover part of Emitter E3 of Figure 13 using Detecting Method 1. This dwell, Dwell 1 of 
Solution 1, ranges from the minimum frequency of Emitter E3 (i.e., 1510 MHz) to the 

25 maximum frequency of the detecting method (i.e., 1760 MHz). Dwell 1 also covers part 
of the frequency spectrum in which Emitter E4 operates, thus the dwell durations and 
revisit times of both Emitters E3 and E4 may be taken into account when determining the 
cost of the dwell. As a result, DD M ax is 4 ms and RVTmin is 330 ms, yielding a dwell cost 
of approximately .012 for Dwell 1. 

30 Solution 2 covers the same portion of the frequency spectrum using the more 

sensitive detecting method, Detecting Method 2. In this case, nine Detecting Method 2 
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dwells are needed to cover the same portion of the frequency spectrum as one Detecting 
Method 1 dwell. In Solution 2, Dwells 1-7 cover only Emitter E3, as Emitter E4 does not 
operate in the portion of the frequency spectrum covered by Dwells 1-7 (i.e., 1510 MHz - 
1720 MHz). Thus, the cost of each of Dwells 1-7 is computed using a DDmax of 2 ms and 

5 an RVTmin of 330 ms (i.e., the minimum dwell duration and revisit time of Emitter E3). 
However, Dwells 8 and 9 cover portions of the frequency spectrum that may be used by 
both Emitters E3 and E4. Thus, the cost of each of Dwells 8 and 9 is computed using a 
DDmax of 4 ms (i.e., the dwell duration of Emitter E4) and an RVT M in of 330 ms (i.e., the 
revisit time of Emitter E3). As shown in Table 6, the total cost of these nine dwells is 

10 approximately .06. In this case, a single lower sensitivity dwell (i.e., Solution 1) yields a 
lower cost than multiple higher sensitivity dwells (i.e., Solution 2). 





Table 6 






f 4 ^ 


22 






= =.06 


1,330, 






330 



Therefore, when extracting a scan strategy from the information matrix, it is 
desirable to determine which detecting method yields the lowest cost for a particular dwell 

20 or set of dwells. It should be appreciated that in the example shown in Figures 14A and 
14B the dwells constructed (in both Solution 1 and Solution 2) did not cover the entire 
frequency range in which each of the emitters, El, E2, E3, and E4 operates. To 
completely cover the entire frequency range of each of these emitters, it may be necessary 
to construct additional dwells. In one embodiment of the invention, the information 

25 matrix is updated based on what portion of the frequency spectrum of an emitter in the 
matrix has been covered by a dwell. When the information matrix is empty, then all 
emitters have been completely covered by dwells and the scan strategy is complete. 

For example, in Figure 14A, assume that the scan strategy uses Solution 2 (i.e., the 
lower cost solution) and Dwells 1-9 of Solution 2 are constructed. Information Matrix 

30 4000 of Figure 13 may be updated as follows. The RF Min values for Emitter El may be 
changed to 1270 MHz, because the 1000-1270 MHz range is covered by Dwells 1-9. 
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Similarly, the RF Min value of Emitter E2 may be changed 1270 MHz because the 1220- 
1270 MHz range is been covered by Dwells 8 and 9. When additional dwells are 
constructed to cover the remaining portion of the frequency range of these two emitters, 
these two emitters may be removed from Information Matrix 4000. 
5 The examples in Figures 14A and 14B compute the cost of a dwell under the 

assumption that dwell duration will always be MDTmax , that is, the dwell duration will be 
the maximum PRI of the emitters covered by that dwell. However, as mentioned above, in 
certain situations the actual dwell duration may be longer than MDTmax. These situations 
may occur, for example, where a pulse is detected during a dwell. If a pulse is detected, 

10 the dwell duration may be extended based on the computed EDT. Thus, when a pulse is 
detected during a dwell, the cost of that dwell may be increased if the dwell duration is 
extended from MDT to EDT. Thus, it may be desirable to take into account the 
occurrence of some EDT dwells when computing cost while extracting the scan strategy. 
In one embodiment of the invention, a steady state model may be used, where it is 

15 assumed that a certain number of EDT dwells and a certain number of MDT dwells will be 
executed over a specific period of time. If this specific period of time is called examjime, 
then Table 7 shows an equation for estimating the number of MDT dwells and EDT dwells 
that will occur in that period of time. The number of MDT dwells executed for every EDT 
dwell. The variable RVT represents the revisit time of the dwell. 

20 



Table 7 


Count = 


Exam _ Time 










RVT 





25 In the equation of Table 7, Count is defined as Exam Time divided by the revisit 

time of the dwell, RVT. The value of ExamJTime may be selected, for example, based on 
the signal processing algorithms used and the overall affect of the signal environment, 
based on field tests. Once Count has been determined by the equation in Table 7, an 
Actual Dwell Duration may be expressed as a weighted average of MDT and EDT, as 

30 shown in the equation of Table 8. 
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Actual Dwell Duration = + EDT) + {Count -X)xKx{TO + MPT) 

Count 



5 The equation of Table 8 computes this weighted average, assuming some tuning 

overhead (TO), or dead time between dwells, as a result of tuning the receiver. The 
constant K, in the equation, accounts for multiple fields of view per dwell cycle. It should 
be appreciated that the equations of Table 7 and Table 8 are merely an example of method 
for estimating actual dwell duration to determine dwell cost. Many other methods for 

10 estimating actual dwell duration may be used and are intended to be within the spirit and 
scope of the invention. 

In the example of Figure 14 A, as mentioned above, the first dwell or set of dwells 
was created starting with the lowest RF Min value in Information Matrix 4000 of Figure 
13. However, if the lowest RF Min value in the information Matrix is used to construct 

15 the initial dwell, other possible scan strategies, which may or may not yield a lower cost, 
may not be considered. For example, Figure 17 shows two emitters, El and E2. Emitter 
El has an RF Min value of 1 100 MHz and an RF Max value of 1200 MHz. Emitter E2 
has an RF Min value of 1 1 50 MHz and an RF Max value of 1250 MHz. Suppose the 
initial dwell is constructed using the lowest value of RF Min, when constructing a scan 

20 strategy for Emitters El and E2. Scan strategy 7001 is one possible scan strategy that may 
result from using the lowest value of RF Min to construct the initial dwell. In this 
example, Dwell 1, which uses detecting method Ml, covers the 1 100-1200 MHz range. 
The remaining portion of the frequency spectrum in which emitter E2 may operate is 
covered by Dwell 2 and Dwell 3 which uses a greater sensitivity detecting method, M2. 

25 Scan strategy [[7002]] 7003, which might yield a lower cost than scan strategy 7001, 

depending on dwell parameters, would not be considered if the lowest value RF Min (1 100 
MHz) was initially used. When initially using the lowest value RF Min, even if it had 
been decided to use the greater sensitivity method, M2, at the bottom of the frequency 
spectrum, four M2 dwells would have been constructed. Then, the remaining portion of 

30 the frequency spectrum used by emitter E2 would have been covered by additional dwells 
(e.g., one Ml dwell or two M2 dwells). 
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However, by altering the frequency at which the initial dwell is constructed, other 
possible scan strategies may be constructed. For example, suppose 
that the initial dwell is constructed using the RF Min of emitter E2 (i.e., 1 150 MHz). A 
scan strategy such as scan strategy 7003 may result. In scan strategy 7003, the initial 
5 dwell, Dwell 1, uses detecting method Ml and covers the 1 150-1250 MHz range. Because 
the information matrix would not be empty after the construction of Dwell 1, Dwells 2 and 
3 may be constructed to cover the portion of the frequency spectrum in which emitter El 
operates, but which is ; not covered by Dwell 1. Thus, by varying the RF Min at which the 
initial dwell is constructed, different lower cost scan strategies may result. 

10 A flow chart for constructing scan strategies with varying initial RF Min values, 

according to one embodiment of the invention, is shown in Figure 15. At act 5001, a 
Limit Vector is created. The Limit Vector is a vector of each of the RF Min values in the 
information matrix. Thus, for the two emitters, El and E2 in Figure 17, the Limit Vector 
would be, for example, [1 100 1 150], because the RF Min value for emitter El is 1 100 and 

15 the RF Min value for emitter E2 is 1 150. Also at act 5001, a variable n is initialized to 1. 
The variable n represents the current position in the Limit Vector on which the process is 
operating. Thus, initially the process operates on the first value in the Limit Vector. 

The process then continues to act 5002, where a variable LIMIT is defined as the 
wth element in the Limit Vector. Because n initially has the value 1, LIMIT is first set as 

20 the first element in the Limit Vector. Using the example of Figure 1 7, with emitters El 
and E2, LIMIT would first be set to 1 100. The process then continues to act 5003, where 
the scan strategy is extracted using the value of LIMIT. As will be discussed in greater 
detail below, extracting the scan strategy includes building dwells to cover the emitters in 
the information matrix and evaluating different the cost of using different detecting 

25 methods for these dwells. 

Next the process continues to act 5004 where the cost of the scan strategy is 
compared to the cost of BEST, which is the scan strategy which has the lowest cost so far. 
BEST is initialized to a scan strategy having infinite cost, so the first scan strategy 
extracted at act 5003 will be lower in cost than BEST. If the cost of the extracted scan 

30 strategy is lower than the cost BEST, then the extracted scan strategy is saved as BEST 
and the process continues to act 5006. If the extracted scan strategy is not lower in cost 
than BEST, then act 5005 is skipped and the process continues directly to act 5006. At act 
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5006 it is determined if LIMIT is the last element in the Limit Vector. If LIMIT is the last 
element in the Limit Vector, then the scan strategy BEST is returned as the scan strategy 
to be used for the emitters in the information matrix. If LIMIT is not the last element in 
the Limit Vector, the value of n is incremented by one, and the process returns to act 5002. 
5 At act 5002 LIMIT is redefined as the next element in the Limit Vector and the process 
repeats using this new LIMIT value. 

In the example of Figures 14A and 14B, the initial detecting method used to create 
a dwell was the lowest sensitivity, widest bandwidth, detecting method. Then, the greater 
sensitivity detecting method was evaluated to see if it yielded a lower cost for a dwell or 

10 set of dwells having a bandwidth defined by the lowest sensitivity detecting method. 

Thus, the number of dwells needed for the greater sensitivity detecting method was based 
on this initial bandwidth of the lowest sensitivity detecting method. It has been recognized 
that in some situations, the cost of a scan strategy may be reduced if the initial bandwidth 
is varied from that of the lowest sensitivity detecting method. The cost may be reduced 

15 because each detecting method may differ in instantaneous frequency coverage and 

sensitivity, which in turn alters the mix of emitters in the database which may be satisfied 
by a dwell having a frequency range based on the bandwidth of the detecting method. 
That is, if one were to assume that the lowest sensitivity detecting method was not 
available, then a lower cost scan strategy may result from using the bandwidth of the next 

20 greatest sensitivity detecting method as the initial bandwidth. That is, the method for 
extracting a scan strategy may loop on all available detecting methods, progressively 
inhibiting detecting methods. This may be done for each value of the Limit Vector. That 
is, each time the process in Figure 15 extracts a scan strategy at act 5003 (i.e., with a 
different value for LIMIT), the loop on detecting methods may be performed. As a result, 

25 a total of M x N scan strategies may be generated, where M represents the number of 
elements in the Method Vector and N represent the number of elements in the Limit 
Vector. 

A process for looping on detecting methods, according to one embodiment of the 
invention, is shown in Figure 18. At Act 8001 a Method Vector is created. The Method 
30 Vector is a vector of all detecting methods, ordered from lowest sensitivity to greatest 

sensitivity. The variable m which represents the current position in the Method Vector is 
initialized to one. The variable LOWEST which represents the scan strategy with the 
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lowest cost so far is initialized to a scan strategy having a cost of infinity. The process 
then continues to act 8003, where the variable METHOD is defined as the m** 1 value in the 
Method Vector. As m is initialized to one, METHOD will initially be the first value in the 
Method Vector. At act 8005, the Create Dwell Set Process is invoked to create the dwell 
5 set using METHOD as the initial detecting method that defines the initial bandwidth. As 
will be discussed in greater detail below, The Create Dwell Set Process also uses the 
current value of LIMIT as determined in the flow chart of Figure 15. If it is decided not to 
loop on LIMIT values (e.g., to omit the process of Figure 15), then Create Dwell Set 
Process may simply uses the lowest RF Min value in the information matrix instead of 
10 LIMIT. As will also be discussed below, when the Create Dwell Set Process evaluates 
various detecting methods, the initial dwells will be created using the detecting method 
specified by METHOD. The cost of using METHOD will then be compared to all of 
using all the greater sensitivity detecting methods to cover that portion of the frequency 
spectrum. 

15 After the dwell set is created, the process continues to act 8007, where the cost of 

the created dwell set is compared to the cost of LOWEST. If the cost of the created dwell 
set is less than the cost of lowest, the process continues to act 8009 where the created 
dwell set is saved as LOWEST. It should be appreciated that the first time a dwell set is 
created (i.e., before the process loops back at act 8013), the created dwell set will have a 

20 lower cost than LOWEST, as LOWEST was initialized to a dwell set having infinite cost. 

If the created dwell set does not have a lower cost than LOWEST, the process 
continues directly to act 801 1 . At act 801 1 it is determined if METHOD is the last 
detecting method in the Method Vector. If so, then at act 8015 the scan strategy LOWEST 
is returned. Otherwise, m is incremented by one, and the process returns to act 8003, and 

25 repeated using the next value in the Method Vector. 

As mentioned above, when creating a dwell set at act 8005, it is desirable to 
determine which detecting method yields the lowest cost for a dwell or set of dwells. 
Figure 16 shows an example Create Dwell Set Process for performing act 8005 according 
to one embodiment of the invention. At act 6001 the variable MinFREQ is set to the 

30 current value of LIMIT. The process continues to act 6003, where set D is defined as the 
"core" emitters based on MinFREQ and METHOD. 
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The core emitters may be determined as follows. First, MaxFREQ may defined as 
the maximum frequency of METHOD starting at MinFREQ and extending upwards. Then 
the set of emitters INTERNAL may be defined as all of the rows (i.e., emitter modes) in 
the information matrix that have a frequency range (i.e., RF Min and RF Max) completely 
5 contained within MinFREQ and MaxFreq of METHOD. The set EXTERNAL may be 
defined as the rows of the information matrix whose frequency contains the entire 
frequency range of MinFreq to MaxFreq. That is, the frequency range of METHOD, 
starting at MinFREQ, is completely contained with the RF Min and RF Max of each 
emitter mode in the set EXTERNAL. Set D may be defined as the union of the sets 
10 EXTERNAL and INTERNAL. The emitters in set D represent the "core" emitters. 

Emitters may then be pre-filtered out of set D, if METHOD is a poor choice for 
detecting these emitters. Each emitter mode has a pre-filtering flag associated with each 
detecting method. Thus, for example, if there are eight detecting methods, there would be 
eight pre-filtering flags for each row (i.e., each emitter mode) in the information matrix. If 
15 the pre-filtering flag for associated with a particular detecting method is false, then the flag 
indicates that the detecting method is a poor choice for solving for that emitter mode. 

The flags may be set by computing the cost of each of the methods, multiplied by 
the number of dwells required to cover the row's frequency range. If there is no difference 
in cost, all methods for a row remain enabled. If there is a big difference in cost, then the 
20 method is a candidate to be filtered out via the flags. However, a detecting method may 
only be filtered out via the flags if the cost of other rows within the IF bandwidth of the 
method are not similar (or greater in cost) than the given method. By pre-filtering out 
some detecting methods, the algorithm reduces the amount of computation necessary to 
find a highly cost effective solution by eliminating detecting methods which are unlikely 
25 to yield satisfactory solutions for particular emitters. 

Each time a dwell is built, the flags may be recomputed. This may be necessary 
because the dwell may have removed adjacent rows from the information matrix or the 
frequency range of the row may have be reduced because the dwell that was just built 
covered part of the frequency range of that row. Reducing the frequency range of row 
30 alters the cost of the detecting methods. Also, after a dwell is built, a check may be made 
to see if any of the pre-filtered out rows are incidentally covered by the dwell. If they are, 
then they may included in that dwell anyway and removed from the information matrix. 
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Thus, pre-filtering of detecting methods may help set up the solution search, but does not 
necessarily prevent a method from being used. 

After pre-filtering has been applied to set D, removing any rows from the set D 
which are a poor choice for METHOD, the process continues to act 6005 where any "free" 
5 overlapping emitters may be added to set D. At act 6005, sets HIGHOVERLAP and 

LOWOVERLAP may be defined. Set HIGHOVERLAP includes rows of the information 
matrix that have an RF Min value greater than MinFREQ and less than MaxFREQ, but 
have an RF Max value greater than MaxFREQ. LOWOVERLAP includes rows of the 
information matrix that have an RF Max value greater than MinFREQ and less than 

10 MaxFREQ, but have an RF Min value less than MinFREQ. 

The rows in HIGHOVERLAP and LOWOVERLAP may be termed "overlapping" 
emitters because the frequency range of these emitters overlaps the frequency range of 
METHOD, defined by MinFREQ and MaxFREQ. A row in one of these two sets may be 
added to D if that row would not drive the dwell parameters (i.e., if the dwell duration is 

15 less than DDmax of the rows in D and revisit time greater than the RVT M in of the rows in 
D). 

However, a row in of these two sets may be added to D even if the row would 
drive the dwell parameters, as long as overall dwell count would not increase. For 
example, if an emitter's frequency range overlaps with the upper part of the frequency 

20 range of METHOD (i.e., an emitter in HIGHOVERLAP), and if this overlapping emitter's 
frequency range needs two dwells to provide coverage of the entire frequency range, and 
the emitter's frequency range is overlapping METHOD'S frequency range by at least half 
of the emitter's frequency range, this emitter may be added in to set D. As a result, only 
one additional dwell will be needed at a later time to cover the rest of the emitter's 

25 frequency range. However, if the overlap was only ten percent, there is no reason to 

include this emitter in set D, because two dwells will still be generated at a later time to 
cover the remaining ninety percent. 

At this point, any emitters in set D which have conflicting hardware controls may 
be removed from set D. That is, set D may be redefined as the largest subset of set D 

30 which has no hardware controls conflicts. The process then continues to act 6007 where 
set DX is defined. DX includes any emitters that are in the frequency range of D, but are 
not detectable by detecting method METHOD (i.e., due to pre-filtering, hardware 
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conflicts, etc.) After set DX is defined the process continues to act 6009. At act 6009, it is 
determined which detecting method, of greater sensitivity than METHOD, yields the 
lowest cost for DX. This detecting method may be called M2. Finding M2 may be 
accomplished by evaluating the cost of each detecting method for covering the desired 
5 frequency range, as in the examples of Figures 14A and 14B. It should be appreciated 
that, as in the examples of Figures 14A and 14B, the greater sensitivity detecting method 
may require more than one dwell to cover the frequency range of the emitters in set DX. It 
should further be understood that in the examples of Figures 14A and 14B, for the sake of 
simplicity, only two detecting methods were evaluated to determine which detecting 

10 method yielded the lowest cost. However, many more detecting methods could be used 
for a dwell. In one embodiment of the invention up to eight detecting methods are 
available, although any suitable number of detecting methods could be used, as the 
invention is not limited in this respect. 

The process next continues to act 601 1 where Cost 1 is defined as the cost of using 

15 METHOD as the detecting method for the emitters in set D plus the cost of using detecting 
method M2 for the emitters in set DX. After Cost 1 is computed, the process continues to 
act 6012, where the detecting method, of greater sensitivity than METHOD, that yields the 
lowest cost for the emitters in D is determined. This detecting method may be called M3. 
Similar to M2, detecting method M3 may be identified by evaluating the cost of dwell D 

20 for the available detecting methods and selecting the one with the lowest cost. Because 
M3 is a greater sensitivity and a smaller bandwidth detecting method than M2, more than 
one M3 dwell may be needed to cover the entire frequency range of METHOD. The 
process continues to act 6014, where Cost 2 is defined as the cost of using M3 for the 
emitters in set D, plus the cost of M2 for emitters in DX. It should be appreciated that M3 

25 and M2 may be the same detecting method or may be different detecting methods. If M3 
and M2 are the same detecting method, it may be assumed that the emitters in DX and D 
are covered by the same set of M3 dwells, and Cost 2 is defined as the cost of these 
dwells. Otherwise, as mentioned above, Cost 2 is the sum of the cost of M2 dwells for DX 
and the cost of the M3 dwells for D. 

30 Next, at act 6013, Cost 1 is compared to Cost 2. If Cost 1 is less than Cost 2, then 

a dwell is built for the emitters in D using METHOD. A dwell or multiple dwells are also 
built for the emitters in DX using M2. Otherwise, if Cost 2 is less than or equal to Cost 1, 
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a dwell or set of dwells is built for set D using method M3 and one or more dwells are 
built for DX using M2. 

It should be appreciated that MinFREQ may be altered as the process of Figure 16 
is executed. Initially, MinFREQ is set to LIMIT. LIMIT is a proposed lower bound of a 
5 potential dwell. Thus, when the process starts, it is testing the hypothesis that a dwell 
having the bandwidth of METHOD starting at LIMIT will satisfy the emitters in that 
frequency range. It is possible that when extracting the subset of emitters that have 
compatible, non-conflicting hardware controls, the smallest frequency of this set may be a 
frequency other than LIMIT. Another possibility is that the emitter that defined LIMIT is 
10 the vastly different in minimum frequency, relative to the other emitters that can be 
covered, and it has been tossed out of the "core" set, D. In this case, D contains the 
emitters that we want to solve on this iteration, and its possible that the dwell start for this 
set is something other than LIMIT. In this case MinFREQ would be set to the dwell start 
for set D. 

15 Once the dwell or set of dwells is built, the information matrix may be updated to 

remove rows that are completely covered by the dwells and to alter the frequency ranges 
of the rows that are partially covered by the dwell or set of dwells. MinFREQ is again to 
be the lowest RF Min left in the information matrix that is greater than LIMIT. If no such 
RF Min exists, then MinFREQ may be set to the lowest RF Min left in the information 

20 matrix. The process of Figure 16 may then be repeated starting at act 6003, and using the 
new value of MinFREQ. Once the information matrix is empty, then a scan strategy has 
been constructed for this particular LIMIT and METHOD combination. 

It should be appreciated that looping on the Limit Vector and Method Vector (i.e., 
MxN looping)are not necessary in building a scan strategy. For example, LIMIT may 

25 simply be fixed at the lowest RF Min in the information matrix and METHOD may be 
fixed at the lowest sensitivity detecting method. The Create Dwell Set Process (e.g., in 
Figure 16) may simply be called using these fixed values for LIMIT and METHOD (e.g., 
without using the LIMIT looping in Figure 15 and the METHOD looping of Figure 18). 
Alternatively, LIMIT looping may be used without METHOD looping. That is, the value 

30 of METHOD is fixed at the lowest sensitivity detecting method, and the Create Dwell Set 
Process is called for each value in the Limit Vector. Alternatively, METHOD looping 
may be used without LIMIT looping. In this scenario, the value of LIMIT is fixed at the 
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lowest RF Min initially in the information matrix and the Create Dwell Set Process is 
called for each value in the Method Vector. 

Various modifications to the algorithms discussed above for creating dwells as part 
of a scan strategy are available and intended to be within the scope of the invention. Such 
5 modifications include, but are not limited to, modifications to the method of computing 
cost, modifications to the pre-filtering algorithm and the like. An example of such a 
modification involves computing dwell cost using a smaller dwell duration value than the 
maximum from among the signal parameters of the emitters of interest. This modification 
will be discussed below in greater detail. 

10 

Non-Maximum Dwell Duration Selection 

As mentioned above, the minimum duration of a dwell is typically the maximum 
PRI of the emitters that the dwell is intended to cover. However, in some situations it may 
be possible to reduce the minimum dwell duration of a dwell to a length of time less than 

15 that of the maximum PRI of the emitters that the dwell is intended to cover. It may be 

possible to reduce the minimum dwell duration, for example, when the overall probability 
of intercept of a particular dwell may still be met with a shorter dwell duration. 

A first aspect of overall probability of intercept is the probability that, during an 
illumination period, a pulse of the emitter will occur during execution of dwell. As 

20 mentioned above, because the minimum dwell duration for detection of an emitter is 

typically set to the PRI of that emitter, the probability of intercept is typically 1 .0, because 
in most cases, a dwell will not fall between pulses of the emitter. However, if the dwell is 
not executed during an illumination period, detection of the emitters may not occur. Thus, 
a second aspect of probability of intercept is the probability that the dwell will be revisited 

25 during an illumination period. If the revisit time is "out of phase" to the illumination 

periods, then detection may not occur until after many illumination periods. Worse, if the 
revisit time and illumination period are exactly harmonically related and out of phase, then 
an intercept may never occur. However, as the revisit time for a dwell is decreased, the 
likelihood that the dwell will be revisited during an illumination time is increased. Thus, 

30 as discussed above, a desired probability of intercept is used in computing revisit times for 
emitters in the information matrix, for a particular detecting method. As a result, the 
overall probability of intercept may be expressed as the probability of executing the dwell 
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during an illumination time (i.e., intercepting the emitter) multiplied by the probability of 
dwelling long enough to intercept sufficient energy to declare detection. 

When a dwell is built from parameters of different emitters (e.g., DDmax is 
associated with Emitter 1 and RVTmin is associated with Emitter 2), it may be possible to 
meet the overall probability of intercept without considering the dwell duration of a 
particular emitter when determining the DDmax of the emitters. For example, suppose a 
first emitter and a second emitter are covered by a dwell which has a revisit time 
associated with the second emitter (i.e., RVTmin is the revisit time of the second emitter). 
As a result, the overall probability of intercept of the first emitter in that dwell has 
increased because the revisit time for the dwell is lower than the revisit time calculated for 
that emitter. A cost savings may be achievable by decreasing the overall probability of 
intercept for that emitter (i.e., to bring the overall probability of intercept back to 
approximately what was specified during revisit time calculation). The overall probability 
of intercept for the emitter may be decreased in certain situations by decreasing the dwell 
duration of the dwell to a length of time less than that of the PRI of the emitter. These 
situations occur, for example, when the revisit time of the dwell (i.e., the RVTmin) 
adequately over-samples for that emitter. It may be determined if the revisit time of the 
dwell adequately over-samples for the emitter if the inequality in Table 9 is true. In Table 
9, RVTmin represents the lowest revisit time of the emitters covered by the dwell. DDmin 
represents the dwell duration of the emitter having RVTmin- Thus, DD M in and RVT M in 
are in the same row and are associated with the same emitter. RVT N and DDn represent 
the revisit time and dwell duration of the emitter being tested to determine if DD N may be 
excluded when determining DDmax for the dwell. 



Thus, if RVTmin is less than or equal to the product of RVT N and the ratio of 
DDmin to DD N , then RVTmin adequately over-samples such that DDmin may be used as 
the dwell duration without decreasing the overall probability of detection desired for the 
emitter associated with DD N and RVT N . 



Table 9 
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An example of such a situation is shown in Figure 19. Emitter 1 in Figure 19 has a 
dwell duration of 1 ms and a revisit time of 500 ms. Emitter 2 has a dwell duration of 2 
ms and a revisit time of 1200 ms. Suppose that when extracting a scan strategy for these 
two emitters (e.g., using the method described above in connection with dwell placement), 
5 a dwell is created that covers both Emitter 1 and Emitter 2 of Figure 19. Using the method 

2 

of computing cost as described in Table 3, the cost of this dwell would be 500 or .004, 
because the DD M ax of the two emitters is 2 ms, and the RVTmin of the two emitters is 500 
ms. However, as mentioned above, because the dwell covering Emitter 2 will now be 
executed every 500 ms instead of every 1200 ms, the overall probability of intercept of 

10 Emitter 2 by the dwell has increased. As mentioned above, a cost savings may be 

achieved by decreasing DDmax to the dwell duration of Emitter 1 (i.e., 1 ms), because the 
increased revisit time of the dwell, RVTmin, adequately over-samples so that the original 
desired probability of intercept is not sacrificed. 

For example, suppose that the desired probability of intercept specified when 

15 calculating the revisit time for Emitter 2 is 0.5. If the probability of intercept based on 
dwell duration is 1.0 (i.e., if dwell duration is 2 ms), then the overall probability of 
intercept would be 0.5. Also assume that if the revisit time for Emitter 2 were 500 ms, 
then the probability of intercept would be 1.0. Thus, when a dwell is created having a 
revisit time of 500 ms and a dwell duration of 2 ms, the overall probability of detection is 

20 1 .0. However, the overall desired probability of intercept was previously specified as 0.5. 
Now assume that decreasing the dwell duration from 2 ms to 1 ms decreases the 
probability of dwelling long enough to intercept sufficient energy to declare detection (i.e., 
the probability of intercept based on dwell duration) of Emitter 2 to 0.5. Now the overall 
probability of detection Emitter 2 is back to 0.5 (i.e., the product of 1.0 and 0.5) and a cost 

25 savings is achieved by reducing the dwell duration from 2 ms to 1 ms. As mentioned 
above, the inequality of Table 9 may be used as a test to determine if an emitter is 
adequately over-sampled for by RVTmin so that the dwell duration of that emitter may be 
disregarded in determining the DDmax for the dwell. Table 10 shows the result of this 
inequality using the emitters of Figure 19, where RVTmin and DD M in represent the revisit 

30 time and dwell duration of Emitter 1, respectively and RVTn and DDn represent the revisit 
time and dwell duration of Emitter 2, respectively. 
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Table 10 

a 

500 < 1200 V2 
500 < 600 



Because the inequality is true (i.e., 500 is less than or equal 600) for the values of 
Emitter 1 and Emitter 2, the dwell duration of Emitter 2 may be excluded when 
determining the DD M ax for the dwell. In the example of Figure 19, the dwell would have 

1 

a revisit time of 500 ms and a dwell duration of 1 ms, yielding a cost of 500 or .002. 

In addition to cost savings in this manner, a cost savings may also be achieved in 
certain situations by running several dwells with different timing relationships, as opposed 
to a single dwell, even though the dwells otherwise have the same tuning configurations. 
As a result, the frequency range of the set of emitters covered by the dwell or dwells is 
scanned by the receiver multiple times, but at different rates. For example, in Figure 20, 
Emitter 1 and Emitter 2 have same hardware and tuning configuration and thus could be 
covered by a single dwell. The cost of covering these two emitters with a single dwell 
would be .01 (i.e., 5/500). The cost of covering these two emitters with two separate 
dwells (i.e., a first dwell for Emitter 1 and a second dwell for Emitter 2) would be .007 
(i.e., .002 + .005). In addition, every time the second dwell for Emitter 2 executes, it 
satisfies the detection requirements for Emitter 1 and Emitter 2, allowing the cost estimate 
of .007 to be lowered. 

For example, as illustrated in Figure 21, Dwell 1, which covers Emitter 1 has a 
revisit time of 500 ms, thus it is executed every 500 ms. Dwell 2 has a revisit time of 
1000 ms and is executed every 1000 ms. However, because Dwell 2 satisfies the detection 
requirements for Dwell 1 (i.e., the dwell duration of Dwell 2 is greater than 1 ms), it may 
not be necessary to execute Dwell 1 at the 1000 ms intervals (i.e., 1000 ms, 2000 ms, 3000 
ms, etc.). As a result, the cost of executing Dwell 1 at the 1000 ms intervals may be 
subtracted from the total cost of the two dwells. The equation in Table 11 is an example 
of an equation that may be used to compute the cost of covering two emitters with separate 
dwells, taking into account the reduced cost provided by overlap of the dwells. In the 
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equation of Table 1 1, DDi and RVTi represent the dwell duration and revisit time of the 
emitter with the shorter revisit time, while DD 2 and RVT 2 represent the dwell duration and 
revisit time of the emitter with the longer revisit time. 



Table 11 



DD 2 + DD l 



Cost = 



RVT 2 
RVT X 



-1 



RVT, 



Thus, in the example of Figure 21, the cost of using independent dwells, as 
computed by the equation of Table 11, would be .006. Table 12 shows this computation. 
Thus, using two independent dwells for Emitter 1 and Emitter 2 in Figure 21 yields a cost 
of .006, as opposed to a cost of .01 for a single or "merged" dwell. 



Cost = 



Table 12 

l 500 
1000 



Cost = — ^— 
1000 

Cost = .006 



Figure 22 and Figure 23 are flowcharts illustrating a method for determining 
whether the dwell duration of a dwell may be reduced from the DDmax of the emitters 
which the dwell is intended to cover and whether a single dwell or two or more dwells 
with different timing relationships should be used to cover these emitters. That is, the 
method of Figure 22 and Figure 23 may reduce the cost of covering the emitters by 
returning the number of dwells and the parameters of these dwells to be used in the scan 
strategy. Thus, for example, when extracting the scan strategy, this method may be 
performed when computing the cost of a dwell. 
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At act 9000 of Figure 22, the Data Array is created. Each row in the Data Array 
corresponds to an emitter that is covered by the dwell for which the cost is being 
computed. The Data Array has three columns. The first column is minimum dwell 
duration (MDT), the second column is extended dwell duration (EDT), the third column is 
5 revisit time. An example of a Data Array 9044 is shown in Figure 24A. Data Array 9044 
initially has seven rows, indicating that the dwell is intended to cover seven emitters. At 
act 9002, it is determined whether there is more than row in the Data Array. If there is 
only one row in the Data Array, then the dwell only covers one emitter. Thus, the 
parameters of the dwell (i.e., dwell duration and revisit time) which yield the lowest cost 

10 are simply the dwell parameters associated with that emitter (e.g., the dwell duration and 
revisit time of the row in Data Array). Accordingly, the process continues to act 9004, 
where the dwell duration and revisit time of the row in the Data Array are returned as the 
solution for the parameters of the dwell. 

If, however, there is more than one row in the Data Array, the process continues to 

15 act 9006, where the rows are ordered by revisit time, from the shortest revisit time to the 
longest revisit time. If two rows have the same revisit time, but different dwell durations, 
the row with the shorter minimum dwell duration may be replaced by the row with the 
longer minimum dwell duration. In the example of Data Array 9044 of Figure 24 A, 
because Data Array 9044 has more than one row, it is ordered by revisit time, as shown in 

20 Figure 24B. The process next continues to act 9008, where any redundant rows and rows 
that are a subset of other rows are removed from Data. A row is a subset of another row if 
it has a greater revisit time but a shorter MDT and EDT than the other row. Because this 
row will not drive the dwell parameters (i.e., its dwell duration will not be DDmax and its 
revisit time will not be RVTmin), it may be excluded from the cost analysis. In Data Array 

25 9044 of Figure 24B, because row 4 9048 is a subset of another (e.g., row 1) it may be 
removed. Additionally, because row 6 9050 is redundant with respect to row 5 9049, it 
may also be removed. The resulting Data Array 9044 is illustrated in Figure 24C. 

Once these rows are removed, the process continues to act 9010, where each row 
in the Data Array is compared to the first row in the Data Array to determine if that row's 

30 MDT may be excluded when determining DDmax for the dwell. This may be done, for 
example, as described above using the equation of Table 9. That is, if the revisit time of 
the first row is less than or equal to the product of the revisit time of the row being 
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compared and the ratio of the dwell duration of the first row to the dwell duration of the 
row being compared, then the row being compared passes the test and it's dwell duration 
may be excluded when determining DDmax. In the example of Data Array 9044 in Figure 
24C, row 4 905 1 and row 5 9052 both pass this test. This indicates that a dwell may be 
5 created having a DDmax of the first row and an RVT M in of the first row, which covers the 
emitters associated with the first row, row 4 9051, and row 5 9052. The process of Figure 
22 then continues to act 9012, where the first row and any rows that were excluded in act 
9010 (e.g., any rows passing the test of the equation of Table 9) may be removed from the 
Data Array. If no rows passed the test of the equation of Table 9, only the first row of the 

10 Data Array is removed. Additionally, a row is created in a Solution Array that indicates 
the parameters of a dwell which would cover the emitters associated with the rows 
removed from the Data Array in act 9012. The parameters of this dwell would typically 
be the DDmax and the RVTmin of the rows removed. However, because it was determined 
at act 9010 that the dwell durations of the rows passing the test of the equation of Table 9 

15 could be excluded when determining DDmax, DDmax is set to the dwell duration of the 
first row. The EDT of the row added to the solution matrix may be set to the longest EDT 
of all the rows removed from the Data Array. Figure 24D shows Data Array 9044 and 
Solution Array [[9066]] 9046 after acts 9010 and 9012 have been performed. As can be 
seen, the first row of Data Array 9044, as well as rows 9051 and 9052 have been removed 

20 from the Data Array. Additionally, a row has been created in Solution Array 9046 which 
includes the parameters of dwell that would cover the rows removed from Data Array 
9044. 

The process of Figure 22 next proceeds to act 9014, where it is determined if there 
are any rows remaining in the Data Array. If there are no rows remaining, the process 

25 continues to act 9020. Otherwise, if there are rows remaining the process continues to act 
9016, where it is determined if there is more than one row remaining in the Data Array. If 
there is only one row remaining in the Data Array, then process continues to act 9018 
where the remaining row is removed from the Data Array and added to the Solution Array. 
After the row is added to the Solution Array, the process continues to Act 9020. If there is 

30 more than one row remaining in the Data Array at act 901 6, the process returns to Act 
9010, where the row comparisons are repeated, this time using the new first row and 
comparing the subsequent rows to the new first row. The process then continues again to 
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act 9012 where the first row of the Data Array and any rows that were excluded in act 
9010 are removed from the Data Array, and the resulting solution row for the removed 
rows is added to the Solution Array. For example, because Data Array 9044 in Figure 
24D has more than one remaining row, the second row will be compared to the first row 
5 using the equation of Table 9. The second row passes this test, and thus both rows of the 
Data Array may be removed and the solution row resulting from these two rows may be 
added to the Solution Array. The resulting Data Array 9044 and Solution Array 9046 are 
shown in Figure 24E. Data Array 9044 is empty, because both rows have been removed. 
Solution Array 9046, now includes an additional row, which represents the parameters of a 
10 dwell for the two emitters corresponding to the two rows just removed from the Data 
Array. 

The process then continues to act 9014, where it is again determined if any rows 
are left in the Data Array. In the example of Figure 24E, no more rows are left in Data 
Array 9044, so the process would continue to act 9020. However, if there was more than 

15 one row left in the Data Array, the process would return to act 9010 to again determine if 
any rows could be excluded given the new values of RVT M in and DD MIN . 

Once the process reaches act 9020, the Data Array is empty and the Solution Array 
includes possible solutions for the dwell parameters. For example, Solution Array 9046 
includes two rows, indicating that two dwells may be used to cover the emitters. The first 

20 dwell has an MDT of 1 ms, an EDT of 19 ms, and an RVT of 500 ms, while the second 
dwell has an MDT of 2 ms, an EDT of 1 1 ms, and an RVT of 700 ms. However, as 
discussed above, it is possible in some situations that merging these two dwells into a 
single dwell may result in a lower cost than running two separate dwells. The process of 
Figure 23 evaluates this possibility and determines if dwells should be maintained as 

25 separate dwells or if dwells should be merged. As will be discussed in greater detail 
below with respect to Figure 23, if, after some rows in the Solution Array are merged, 
more than one row remains in the Solution Array, it may be desirable to return to Figure 
22 to determine if any of the rows left in the Solution Array may be excluded in 
determining DDmax for the dwell. 

30 Thus, at act 9020 of Figure 22, the process continues to act 9022 of Figure 23, 

where it is determined if there is more than one row in the Solution Array. If there is only 
row in the Solution Array, then the process continues to act 9024 Solution Array is 
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. returned as the solution, indicating that one dwell may be used to cover the emitters, 
having dwell parameters defined by the one row in the Solution Array. If there is more 
than one row in the Solution Array, then the process continues to act 9026, where the 
index variable N is set to one. The variable N indicates the row in the solution that is 
currently being evaluated. The process next continues to act 9028, where it is determined 
if Row N and Row N+l of the Solution Array should be merged. This determination may 
be made for example, by calculating the cost of using separate dwells for Row N and Row 
N+l using the equation of Table 1 1 and comparing this cost to the cost of using a single 
"merged" dwell that covers both row N and row N+l . The cost of using a single merged 
dwell for both rows N and N+l may be calculated, for example, using the equation of 
Table 3. That is, the cost of a merged dwell would be the DDmax of rows N and N+l 
divided by the RVT M in of rows N and N+l . 

If using separate dwells yields a lower cost than a merged dwell, the rows are kept 
separate. In the example of Solution Array 9046 of Figure 24E, there are two rows in the 
Solution Array. The cost of using two separate dwells for these two rows is approximately 
.003, as shown in Table 13. The cost of using a single merged dwell is .004, as shown in 
Table 14. Because the cost of using separate dwells is less, the rows are not merged. 
____ Table 13 

2 + /™-l] 
1 500 J 

cost = 700 
cost« -003 



Table 14 




2 


cost = 


500 


cost = 


.004 



In the cost computation examples in Table 13 and Table 14, minimum dwell 
duration (MDT) was used for the sake of simplicity. As mentioned above, the actual dwell 
duration may in some situations be greater than the minimum dwell duration. It should be 
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appreciated that in any cost computation involving dwell duration an estimation of the 
actual dwell duration may be used, for example, using the equations of Table 7 and Table 
8 to determine an estimate of the actual dwell duration. However, for the sake of 
simplicity in the examples included herein, MDT may sometimes be substituted for the 
5 estimate of actual dwell duration. 

If it is determined that the rows should not be merged at act 9028, the process 
continues to act 9030, where it is determined if N+l is the last row in the solution array. If 
N+l is the last row in the Solution Array the process continues to act 9032 where it is 
determined if any rows have been merged. If no rows have been merged, the process 

10 continues to act 9054 where the Solution Array is returned as the solution. Each row 

represents a dwell and the parameters of the dwell that will be used. Thus, in the example 
of Solution Array 9046, no rows were merged because it was decided to maintain separate 
dwells. Figure 24F shows the Solution Array that will be returned as the solution. 
Solution Array has two rows, thus two dwells may be used. The first dwell has an MDT 

15 of 1, an EDT 19 and an RVT of 500, while the second dwell has an MDT of 2, an EDT of 
11, and an RVT of 700. 

However, if at act 9032, it is determined that two or more rows have been 
previously merged (e.g., on a previous iteration) the process continues to act 9042, where 
all rows in the Solution Array are removed from the Solution Array and added back into 

20 the Data Array. The order of the rows in the Solution Array is maintained in the Data 
Array. The process then returns back to act 9010 of Figure 22, so that it may be 
determined, for the new rows created by the merging of rows, if it is possible to exclude 
the dwell duration of any of these rows in determining DDmax- The process then 
continues from 9010 as described above, until the Data Array is again empty and the 

25 unique solutions from the Data Array have been moved in to the Solution Array. 

However, if at act 9030, it is determined that more than one row remains in the 
Solution Array the process continues to act 9034, where the index variable N is 
incremented by one. After the index variable N is incremented, the process returns to act 
9028, where the determination as to whether rows should merged or kept separate is made 

30 again, this time with respect to the new row N and row N+l . 

If it is determined at act 9028 that rows N and N+l should be merged, then the 
parameters of Row N are disregarded as a solution, and the parameters of Row N+l are 
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redefined as the DD M ax and RVTmin of Rows N and N+l . Thus, pretending for the sake 
of illustration, that rows 1 and 2 in Figure 24F yield a lower cost as a single merged dwell 
(although, as discussed above, these rows actually yield a lower cost as separate dwells), 
then row 1 would be disregarded and row 2 would be updates so that it's parameters are 
5 the DDmax and RVTmin of row 1 and row 2 (i.e., MDT of 2, EDT of 19, and RVT of 500). 
The process then continues to act 9038, where it is determined if row N+l is the last row in 
the Solution Array. If Row N+l is not the last row in the Solution Array then the process 
continues to act 9034, where the value of the index variable N is incremented by one, and 
the process returns to act 9028 to evaluate whether the next two rows in the Solution Array 

10 should be merged or kept separate. If Row N+l is the last row in the Solution Array, the 
process continues to act 9040, where it is determined if the number of rows in the Solution 
Array is greater than one. 

If there is only one row in the Solution Array, the process continues to act 9054, 
where the Solution Array is returned as the solution. That is, one dwell will be used with 

15 the parameters of the row in the Solution Array. If there is more than one row in the 
Solution Array, the process continues to act 9042, where all rows are removed from the 
Solution Array into the Data Array and the process returns to act 9010 of Figure 22. As 
discussed above, at act 9010 of Figure 22 the "new" rows created by merging may be 
determined if it is possible to exclude the dwell duration of any of these rows in 

20 determining DDmax. 

In this manner, it may be determined for a proposed dwell generated when 
extracting the scan strategy, if the proposed minimum dwell duration may be decreased, 
and if more than one dwell covering separate emitters would be more cost effective. It 
should be appreciated that this method may be performed each time dwell cost is 

25 computed or used only sometimes when dwell cost is computed. 

Tuning Step Coverage Gap Avoidance 

Once the scan strategy is created, a post-processing check may be performed to 
ensure that no coverage gaps have been introduced between adjacent dwells, as a result of 
30 rounding down the minimum frequency between dwells. When the scan strategy is 

created, if the minimum frequency of a dwell is not an integer multiple of the tuning step 
of the receiver, then the frequency range of the dwell will be shifted down so that the 
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minimum frequency of the dwell is an integer multiple of the tuning step size. For 
example suppose the tuning step of the receiver is 10 MHz and a dwell is created having a 
frequency range of 1255 MHz-1355 MHz. When the scan strategy is created, the 
frequency range of the dwell may be rounded down to 1250 MHz-1350 MHz, so that the 
5 minimum frequency of the dwell (i.e., 1250 MHz) is an integer multiple of the tuning step 
size (i.e., 10 MHz). 

For example, Figure 25 shows a portion of a scan strategy 9070. The portion of 
scan strategy 9070 includes adjacent dwells 1-12. A dwell is adjacent to another dwell if 
the frequency range of that dwell ends where the frequency range of the other dwell begins 

10 or if the frequency range of that dwell begins where the frequency range of the other dwell 
ends. For example, in the portion of scan strategy 9070, dwells 1 and 2 are adjacent to 
each other because the frequency range of dwell 1 ends where the frequency range of 
dwell 2 begins. Similarly, dwells 2 and 3 are adjacent, dwell 3 and 4 are adjacent, etc.. 
Hence, dwells 1-12 are a block of adjacent dwells. In the example of Figure 25, each of 

15 the dwells 1-12 has the same bandwidth. However, it should be appreciated that the 
dwells do not necessarily have to have the same bandwidth to be a block of adjacent 
dwells. Dwells 1-12 together cover Emitters 1, 2, and 3. 

Scan strategy 9071 shows the portion of scan strategy 9070 after the frequency 
range of each dwell has been rounded down so that the minimum frequency of each of the 

20 dwells 1-12 is an integer multiple of tuning step size. As a result of this rounding down, 
there is a portion of the frequency spectrum 9072 that is no longer covered by any of the 
dwells 1-12. This portion of the frequency spectrum was previously covered by dwell 12 
in scan strategy 9070, but was left uncovered when the frequency range of dwell 12 was 
rounded down in scan strategy 9071. Nonetheless, there is no coverage gap introduced 

25 because the entire frequency range of Emitter 3 is still covered by dwells 9, 10, 11, and 12. 
However, if the frequency range of Emitter 3 had extended into the portion of the 
frequency spectrum 9072, then a portion of the frequency range in which Emitter 3 may 
operate is left uncovered by the scan strategy. 

For example, in Figure 26 scan strategy 9073 is a portion of scan strategy again 

30 including 12 adjacent dwells (i.e., dwells 1-12). These dwells together are intended to 
cover Emitters 4, 5, and 6. Scan strategy 9074 results after the dwells of scan strategy 
9073 are rounded down so that their minimum frequencies are integer multiples of the 
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tuning step size. Similar to Figure 25, a portion of the frequency spectrum 9075 that was 
previously covered by dwell 12 is left uncovered after dwell 12 is rounded down. 
However, in this instance, the frequency range in which Emitter 6 may operate extends 
into this portion of the frequency spectrum 9075. Thus, because a portion of the frequency 
5 range of Emitter 6 is not covered by a dwell, a coverage gap is introduced. 

In one embodiment of the invention, this problem is detected and corrected by 
providing an addition dwell to cover the portion of the frequency spectrum left uncovered 
by the rounding down of dwells. Typically, coverage gaps are only problem for smaller 
bandwidth dwells. In the case of larger bandwidth dwells, when the receiver is stepped 

10 through the frequency range covered by the dwell and reaches the top of the frequency 
range of the dwell (i.e., the last tuning step of the dwell), the bandwidth of the detecting 
method is wide enough to pick up any emitter signals that are left uncovered above the 
maximum frequency range of the dwell. Therefore, in one embodiment of the invention, 
only the smallest bandwidth dwells are checked to determine if any coverage gaps have 

15 been introduced as a result of rounding down the minimum frequency of dwells. 

However, it should be appreciated that all dwells may be checked for this problem or only 
a subset of dwells may be checked. 

Figure 27 is a flowchart illustrating a method for determining if any coverage gaps 
exist as a result of rounding down the smallest bandwidth dwells of the scan strategy. At 

20 act 9080 a Data Array is created. The Data Array is an array based on the Information 
Matrix. Each row in the Data Array represents an emitter/mode for which the scan 
strategy was created to detect. The columns in the Data Array represent the parameters of 
these emitters (e.g., RF Min, RF Max, dwell duration, revisit times, etc.). After the Data 
Array is created, the process continues to Act 9081 where the Scan Array is created based 

25 on the scan strategy. Each row in the Scan Array represents a dwell in the scan strategy. 
The columns of the Scan Array represent the parameters of the dwell (e.g., MDT, EDT, 
RVT, etc.). Once the Scan Array is created, the process continues to act 9082, where the 
Scan Array is used to identify blocks of adjacent smallest bandwidth dwells. A block may 
include one or more dwells. Also at act 9082, the index variable N is set to one. This 

30 index variable is used to identify which block identified in act 9082 is currently being 
analyzed. 
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The process next continues to act 9083 where any emitters that are detectable at the 
top of block N are identified. That is, any emitters that are detectable by the top most 
dwell (i.e., highest maximum frequency dwell) in the block are identified. This includes 
emitters whose maximum frequency exceeds the maximum frequency of the dwell by at 
5 most one tuning step. The process then continues to act 9084 where it is determined if the 
highest frequencies the emitters identified in act 9083 are below the maximum frequency 
of the top most dwell in block N. If there are no emitters whose maximum frequency 
exceeds the maximum frequency of the block, then the process continues to act 9086, 
where it is determined if all blocks have been evaluated. If all blocks have been evaluated 

10 for the existence of coverage gaps then the process ends at act 9089. Otherwise, if some 
blocks have not yet been evaluated the process continues to act 9088 where the value of N 
is incremented by one and the process returns to act 9083 and the next block of adjacent 
dwells is evaluated for the existence of coverage gaps. 

If, at act 9084, it is determined that one or more emitters' highest frequency 

15 exceeds the highest frequency of the top most dwell of block N, then the process continues 
to act 9085. At act 9085 it is determined if the uncovered portion of the frequency 
spectrum created by the rounding down of the top most dwell of block N is covered by 
another dwell and if the emitter or emitters which are uncovered are detectable by that 
dwell. This may be determined, for example, by searching the Scan Array for additional 

20 dwells which cover that portion of the frequency range, whose parameters are suitable for 
detecting the uncovered emitter or emitters. 

If the uncovered portion of the emitter or emitters is detectable by another dwell, 
then the process continues to act 9086 where it is determined if all blocks have been 
evaluated. If all blocks have been evaluated for the existence of coverage gaps then the 

25 process ends at act 9089. Otherwise, if some blocks have not yet been evaluated the 

process continues to act 9088 where the value of N is incremented by one and the process 
returns to act 9083 and the next block of adjacent dwells is evaluated for the existence of 
coverage gaps. 

Otherwise, if the uncovered portion of the emitter or emitters is not detectable by 
30 another dwell, a new dwell is created and this additional dwell is appended to the top most 
dwell of block N. The parameters of this dwell are set so that they cover the emitter or 
emitters that were left uncovered as a result of the rounding down of the top most dwell of 
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block N. That is, the dwell duration and revisit time of the additional dwell will be the 
DDmax and RVTmin of the emitter or emitters that were left uncovered. 

After the additional dwell has been created, the process continues to act 9086 
where it is determined if all blocks have been evaluated. If all blocks have been evaluated 
5 for the existence of coverage gaps then the process ends at act 9089. Otherwise, if some 
blocks have not yet been evaluated the process continues to act 9088 where the value of N 
is incremented by one and the process returns to act 9083 and the next block of adjacent 
dwells is evaluated for the existence of coverage gaps. 

It should be appreciated that if it is known that all dwells have a minimum 
10 frequency that is an integer multiple of the tuning step size, then it may not be necessary to 
check for coverage gaps. Many modifications to the general algorithm shown in Figure 27 
may occur to those skilled in the art and these are intended to be within the spirit and 
scope of the invention. 

15 Resource Verification and Allocation 

As described above, a scan strategy may be generated using data from the 
information matrix. However, the scan strategy may not be realizable due to hardware or 
software limitations of the receiver system. In one embodiment of the invention, the scan 
strategy is checked to verify that the scan strategy is realizable by the receiver system. If 

20 it is determined that the scan strategy is not realizable, then the scan strategy may be 
replaced or modified to fit within the capacity of the receiver system. 

The limitations of the receiver system may be expressed as a limit on the total 
number of dwells and limits on the quantity of dwell types. That is, the receiver system 
may have capacity for a certain number of dwells total, as well as capacity for a certain 

25 number of dwells for each unique instantaneous frequency (IF) of the detecting methods. 
An algorithm may be used to check for dwell capacity violations. If any capacity 
violations are found, the excess capacity may be removed from the scan strategy. The 
portion of the scan strategy that is removed may be replaced with a scan strategy that is 
constrained not to use the consumed receiver system assets. 

30 An algorithm for determining if a scan strategy is realizable by the receiver system 

and for constraining the scan strategy to fit within the capacity of the receiver system 
according to one embodiment of the invention is described below. This algorithm may be 
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performed as a post-processing task, after the scan strategy has been generated. The 
algorithm tests the scan strategy from the widest IF bandwidth to the smallest. As 
capacity limits are reached for a particular IF bandwidth, the excess capacity dwells are 
removed, so that the capacity is satisfied for that particular bandwidth. These dwells may 
5 be replaced, for example, by using the dwell placement algorithms shown in Figures 15, 
16, and 1 8, to create new dwells that cover the frequency range of the removed dwells. 
However, when the dwell placement algorithm is used, it will be constrained to only using 
detecting methods having an IF bandwidth less than that of the removed dwells. This 
process may be repeated for each IF bandwidth, from widest to smallest. As a result, 

10 capacity violations are "bow waved" to smaller IF bandwidths. 

If the smallest IF bandwidth is checked and capacity violations still exist, then 
dwells may be discarded from the scan strategy. However, because any capacity 
violations have been "bow waved" to the smallest IF bandwidth, any discarded dwells will 
use a detecting method of the smallest IF bandwidth. Thus, the amount of frequency 

15 coverage that is lost by discarding dwells is reduced because the discarded dwells are 
smallest IF bandwidth dwells. Additionally, if dwells are discarded, an error may be 
logged which indicates to the operator that some frequency coverage may have been lost. 

Figure 28 and Figure 29 are flow charts illustrating an example of such an 
algorithm. At act 5100 of Figure 28, DATA, SCAN TABLE and CAPACITIES are 

20 received. DATA is a matrix of emitter parameters, where each row in the matrix 

represents an emitter that is covered by the scan strategy. DATA may be, for example, the 
information matrix used in creating the scan strategy. SCAN TABLE is a table describing 
the scan strategy. That is, SCAN TABLE is a table of the dwells in the scan strategy. 
CAPACITIES includes information relating to the capacity of the receiver system. The 

25 capacity of the receiver system may be expressed in various ways. For example, the 
capacity may be expressed in limitations on number of dwells permitted and number of 
dwells permitted per unique IF bandwidth, and number of hardware calibrations permitted 
for a dwell. While the examples below discuss receiver system capacity in terms of 
calibrations it should be appreciated that any suitable measure at capacity may be used and 

30 the invention is not limited in this respect. 

Once DATA, SCAN TABLE, and CAPACITIES are received, the process 
continues to act 5101, where an IF Array is created and the index variable, n, is set to one. 
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The IF Array may be, for example, a one-dimensional array, that lists all the unique IF 
bandwidths, ordered from the widest IF bandwidth to the smallest IF bandwidth. As 
discussed above, a detecting method is a particular IF/VBW bandwidth combination. 
Thus, for example, if there are eight unique detecting methods available, there may be, for 
5 example, four unique IF bandwidths. In this case, the IF Array would include these four 
unique bandwidths, ordered from widest to smallest. In the example information matrix 
shown in Figure 13, there are two detecting methods available. The first has an IF 
bandwidth of 250 MHz and the second has an IF bandwidth of 30 MHz. Thus, if only 
these two detecting methods were available, the IF Array would include these two 

10 elements. 250 MHz would precede 30 MHz in the IF Array because an IF bandwidth of 
250 MHz is wider than an IF bandwidth of 30 MHz. It should be appreciated that, as any 
number of detecting methods may be used, the IF Array may include any number of 
elements, as the invention is not limited in this respect. The index variable n indicates the 
position in the IF Array that is currently being examined. Thus, at act 5 101 n is initialized 

15 to one. 

The process continues to act 5102 where the number of calibrations needed for the 
dwells in the scan strategy having an IF bandwidth of the nth element of the IF Array is 
determined. A calibration refers to the hardware configuration of a dwell. Some dwells 
may only differ in terms of timing (i.e., dwell duration and revisit time). If these dwells 

20 share the same hardware configuration, then they share the same calibration. Thus, there 
may be a certain number of unique dwells of a particular IF bandwidth, but the number of 
unique hardware configurations for those dwells may be less than that number (i.e., if two 
or more dwells have the same hardware configuration). Thus, two dwells have a the same 
calibration if they have the same IF bandwidth, video bandwidth (VBW), and center 

25 frequency. Typically, more receiver system resources are required to support the wider 
bandwidth dwells. Receiver systems are usually calibrated versus frequency. Thus, the 
wider the IF bandwidth of the dwell, the more frequency calibration points are required. 

Once the number of frequency calibrations that are needed for the dwells of that 
particular IF bandwidth is determined the process continues to act 5103, where it is 

30 determined if the number of calibrations for the particular IF bandwidth determined at act 
5 102 exceeds the number of allowable calibrations for the particular IF bandwidth. This 
determination may be made, for example, by using the information in CAPACITIES. 
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If the number of frequency calibrations needed for the dwells of the particular IF 
bandwidth exceed the limitation imposed by the receiver system, the process continues to 
act 5104. Here, the variable X is defined as the number of dwells that that exceed the 
capacity to be discarded. That is, at act 5 104, the number of dwells that may be discarded 
5 so that the number of frequency calibrations needed meets the limitation of the receiver 
system is determined. For the sake of clarity, this number is represented by the variable X. 
The process then continues to act 5105 where the X dwells with the largest revisit times 
are identified. These dwells are the dwells to be discarded. 

The process continues to act 5106 where the subset of emitter in DATA that the X 

10 dwells were are intended tojntercept is determined. Thus, the emitters (or portions of 
emitters) that are left uncovered by discarding the X dwells is determined. The process 
then continues to act 5107, where a new scan strategy is created for the subset of emitters 
that were left uncovered. This may be accomplished, for example, by creating an 
information matrix using the subset of emitters in DATA that are left uncovered, and 

15 performing the methods illustrated in Figure 15 and Figure 16 for determining a scan 

strategy, using this information matrix. However, the method of Figure 16 is constrained 
so that detecting methods having an IF bandwidth greater than or equal to that of the 
discarded dwells cannot be used. That is, these detecting methods may be excluded from 
the Method Vector. Thus, a new scan strategy results for this subset of emitters, and this 

20 new scan strategy may be appended to the existing scan strategy, to provide coverage for 
the subset of emitters that were left uncovered by the discarding the X dwells. 

Once the new scan strategy has been created and appended to the existing scan 
strategy the process continues to act 5 108. If, at act 5 103, it was determined that the 
number of calibrations does not exceed the calibration capacity of the receiver for that 

25 particular IF bandwidth, the process goes directly to act 5 108. At act 5 108, the total 

number of dwells with an IF bandwidth of the current IF bandwidth being analyzed (i.e., 
the nth element of the IF Array) is determined. The process then continues to act 5109 
where it is determined if the number of dwells determined in 5108 exceed the receiver's 
capacity for dwells of the particular IF bandwidth. This determination may be made, for 

30 example, by comparing the number of dwells determined in act 5108 to the limit on dwells 
of the particular IF bandwidth specified in CAPACITIES. 
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If the total number of dwells for the IF bandwidth being examined exceeds the 
receiver system capacity, the process continues to act 5 1 1 1 . At act 5 1 1 1 any independent 
dwells of the particular IF bandwidth are identified. These dwells are merged, starting 
with the independent dwells having the largest revisit times, until the number of dwells 
5 falls within the receiver system limits. By merging the dwells with largest revisit times 
first, the cost savings that is lost by using a merged dwell instead of separate dwells is 
reduced. The process then continues to act 51 10 where it is determined if the nth element 
of the IF Array is the last element of the IF Array. If it is, then all IF bandwidths have 
been examined and the process continues to act 5112. If not all IF bandwidths have been 

10 examined then the process continues to act 5 1 1 3, where the index variable n is 

incremented by one and the process repeats for the next IF bandwidth in the IF Array. 
That is, the next IF bandwidth in the IF Array will be examined to determine if the number 
of calibrations needed for that particular IF bandwidth fits within the receiver system 
capacity (i.e., acts 5 102-5 107) and if the number of dwells of that IF bandwidth fits within 

15 the receiver system capacity (i.e., acts 5108-51 1 1). Thus, each IF bandwidth in the IF 
Array may be examined. 

As mentioned above, once the last element in the IF array has been examined, as 
described above, the process continues to act 5112. At act 51 12, the process continues to 
act 51 13 of Figure 29. At act [[5113]] 5122 of Figure 29, the total size of the scan strategy 

20 is determined. The total size of the scan strategy may be expressed as the amount of 

receiver system memory needed to store and support the scan strategy. The process then 
continues to act 5 1 14 where it is determined if the total size of the scan strategy is within 
the receiver system's capacity. If the scan strategy is within the capacity of the receiver 
system then the process ends at act 5 121 . 

25 Otherwise, the process continues to act 5 1 1 5 where the dwell of the smallest IF 

bandwidth are identified. The process continues to act 5 1 16 where any independent 
dwells of the smallest IF bandwidth are merged until the capacity limit is satisfied or all 
independent dwells are merged. The process then continues to act 51 17 where the size of 
scan strategy is again evaluated to determine if it is within the receiver system's capacity. 

30 If the scan strategy size is within the receiver system capacity, then the process continues 
to act 5121 where the process ends. Otherwise, the process continues to act 51 18 where 
the number of dwells to be discarded so that the scan strategy size is within the receiver 



-76- 

system capacity is determined. This number is defined as Z. The process then continues 
to act 5 1 19 where Z smallest IF bandwidth dwells are discarded. The process then 
continues to act 5120 where an error message is logged for the operator indicating that a 
subset of emitters is left uncovered by the Z dwells which were discarded. The process 
then continues to act 5121 where the process ends. 

It should be appreciated that many modifications may be made to the general 
algorithm described above and these are intended to be within the spirit and scope of the 
invention. 

Intercept Performance Evaluation 

Once a scan strategy is created, the scan strategy's intercept performance against a 
given emitter set under specific altitude, range and receiver load conditions may be 
evaluated. Evaluating the scan strategy may include modeling 2D and 3D emitter scan 
patterns, and the compilation of performance statistics for each emitter mode analyzed. 

Intercept performance evaluation allows for an independent means of validating 
the scan strategy. A scan strategy may be built by applying sets of algorithms to 
determine the best way to satisfy a group of emitter characteristics. If the algorithms are 
perfect, and the emitter data does not conflict, then the scan strategy should be correct. 
However, the possible combinations of input data and their interactions can be very 
complex, so an independent means of validating the scan strategy may be desirable. As a 
result, one avoids the cost of lab testing with actual receiver system hardware and software 
to prove probability of intercept and mean time to intercept performance. Thus, each 
emitter is tested for detectability and intercept performance against the probability of 
detection and mean time to intercept requirements and reports are produced for a user to 
review. 

Intercept performance evaluation may also take into account performance variation 
as a result of scenario assumptions. The scan strategy may be built for a specific set of 
emitters under specific engagement scenarios. Intercept performance evaluation allows 
variation in the scenario assumptions from those for which the scan strategy was built, 
and allows for evaluation of how well a scan strategy built for one set of emitters might 
perform for a different set. 
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An algorithm for intercept performance is described below. The algorithm uses a 
DATA matrix, which is a matrix of emitter parameters. Each row in DATA represents an 
emitter/mode. The algorithm also uses an Emitter List, that includes a list of emitters in 
DATA selected for probability of intercept and mean time to intercept analysis. The 
5 algorithm also a uses the scan strategy that was built. The scan strategy includes a set of 
dwells whose performance will be evaluated against the emitters in the Emitter List. 
Lastly, the algorithm uses a set of scenario assumptions. These scenario assumptions are 
parameters which define the intercept conditions and may include altitude, velocity, and 
scan load estimate. 

10 The algorithm begins by computing the probability of intercept and mean time to 

intercept for each entry in the Emitter List. This may be accomplished by, for each emitter 
in the emitter list, finding that emitter in the DATA matrix and extracting its parameters. 
Then, the subset of dwells in scan strategy that provide coverage based on hardware 
attributes of the dwell (e.g., frequency coverage, pulse width coverage) is identified. If no 

1 5 dwell is found in the scan strategy, a coverage error may be logged to the user and the next 
emitter in the Emitter List. If one or more dwells is identified, the emitter's frequency 
range may be broken down into discrete pieces, as defined by the intersection with subset 
of detection dwell. Figure 30 illustrates the breakdown of an emitter's frequency range 
into discrete pieces. As illustrated in Figure 30, each portion of the emitter's frequency 

20 range that is covered by a unique combination of dwells is considered a discrete piece. 

For each discrete frequency piece, p, identify the subset of dwells that cover that 
frequency piece. For each dwell of the subset of dwells, the following steps are 
performed. A simulation may be performed for each dwell against the emitter to generate 
a set of time-to-intercept results. The simulation for generating the time-to-intercept 

25 results will be discussed below in greater detail. Next, a normalized histogram of the 
time-to-intercept data may be created. Additional plots of the data may also be created. 
Next, the time-to-intercept data may be converted to probability of detection and mean 
time to intercept statistics. The probability of detection may be determined based on the 
percentage of time-to-intercept times less than or equal to required intercept time. The 

30 mean time to intercept may be generated based on the average of all time-to-intercept 
values. Further, the statistics generated by the simulation for each dwell and for each 
frequency piece may be stored. 
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Next, for each discrete frequency piece, p, the contribution of the composite dwells, 
to that frequency piece may be computed. Table 1 5 shows an equation for computing the 
contribution of the composite dwells («) to the mean time to intercept (MTTI) for p. Table 
16 shows an equation for computing the contribution of the composite dwells («) to the 
probability of detection (Pd) for p. 

_____ 

mtti =y - 

P n MTTI„ 



Table 16 

Pd p =\-Y[(\-Pd„) 

n 

Using the equations of Table 15 and Table 16, the minimum performance may be 
recorded. The minimum performance is represented by the smallest Pd p value and largest 
MTTIp value. Also, the overall performance may be determined. The overall Pd and the 
overall MTTI are the weighted average of Pd p and MTTI P respectively. The weight for 
each piece is the ratio of each piece's frequency range divided by the emitter's frequency 
range. 

As mentioned above, a simulation may be run to generate a set of time-to-intercept 
values. In one embodiment of the invention, a Monte Carlo simulation is performed to 
generate the data used to determine the statistics of intercept of a specific dwell against a 
specific emitter. The emitter's scan is simulated and time above dwell sensitivity is noted, 
reduced by the amount of time required for data collection. This represents the 
illumination time periods available for intercept. Figure 3 1 shows an emitter scan pattern. 
Figure 3 1 also shows an sensitivity threshold, based on the sensitivity of the dwell. The 
dwell's time of execution is modeled as a random process with a mean value of revisit 
time. "Jitter" about the mean may be represented by a constant to simulate process noise. 
The mean revisit time may also be scaled to simulate receiver loading (i.e. , utilization). 
The start time of the emitter's scan and the start time of the first dwell are both 
randomized at the start of each Monte Carlo trial. The trial ends when the dwell start time 
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falls within one of the time periods available for intercept and the dwell duration captures 
at least one pulse or signal sample of the emitter. The time from emitter scan start to this 
time is recorded as the Time-to-intercept for this trial. The number of Monte Carlo trials 
to perform may be selected by a user or may be specified in another manner. An array of 
5 time-to- intercept values is returned. 

An algorithm for performing the simulation is described below. The algorithm 
uses a set of Emitter Parameters of the emitter to evaluate, a set of dwell parameters of a 
dwell for which the emitter will be evaluated, and a set of scenario assumptions, including 
parameters which define the intercept conditions (e.g., altitude, velocity, and scan load 

10 estimate, utilization) 

The algorithm begins by using the set of scenario assumptions to determine 
Antenna/Scan pattern detectability. If there is real antenna data available, this data may be 
used in determining the antenna detectability. Otherwise, a propagation model may be 
used. If the emitter is a steady emitter, the propagation module may use insignificant 

15 amplitude modulation as a function of time/angle. If the emitter is a 2D emitter (e.g., 
sector, circular), the propagation model may use amplitude modulation as a function of 
time/angle in the azimuth plane only. If the emitter is a 3D emitter (e.g., electronic, 
mechanical raster), the propagation module may use amplitude modulation as a function of 
time/angle in several elevation planes and across azimuth. 

20 If the maximum amplitude is less than the dwell's sensitivity, then zero may be 

recorded as the time-to-intercept to indicate that the emitter is not detectable by the dwell. 
Otherwise, the start and stop times of each illumination time per scan period may be 
recorded. As shown in Figure 32, the stop time may be reduce by the desired minimum 
integration time to declare a detection (e.g., several pulses or samples). 

25 Once the antenna scan pattern is determined, a series of Monte Carlo trials may be 

performed. For each Monte Carlo trial, the following acts may be performed. First 
antenna pointing angle (antenna scan start) is randomized. The revisit time (RVT) may 
then be scaled by the load factor (i.e., RVT=RVTxUtilization). Next, the initial time T 
(i.e., time for first dwell execution) is set as a random value of process noise jitter. Next it 

30 is determined if T intersects one of the illumination periods of the scan pattern. If T does 
not intersect one of the illuminations, then T may be incremented by RVT plus process 
noise jitter (jitter always <RVT) and again it may be determined if T intersects one of the 
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illumination periods. If T grows too large, the time-to-intercept for this Monte Carlo trial 
is recorded as "infinity" and the next trial may be run. If T does intersect one of the 
illumination periods, it may be determined if the dwell duration (T, T+MDT) brackets at 
least one pulse or sample (i.e., if the receiver dwelled long enough to declare detection). 

If the dwell duration did not bracket at least one pulse, T may be increased by RVT 
plus process noise jitter and it may again be determined if T intersects one of the 
illumination periods, as described above. Otherwise, T may be recorded as a valid time- 
to-intercept value for this Monte Carlo trial and the algorithm may proceed to next trial. 

Having described several embodiments of the invention in detail, various 
modifications and improvements will readily occur to those skilled in the art. Such 
modifications and improvements are intended to be within the spirit and scope of the 
invention. Accordingly, the foregoing description is by way of example only, and is not 
intended as limiting. The invention is limited only as defined by the following claims and 
equivalents thereto. 

What is claimed is: 



